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PROBLEM TO BE SOLVED: To improve the output 
characteristics of a spin valve thin film magnetic 
element and avoid side leading. 
SOLUTION: The spin valve thin film magnetic 
element has a laminate 16, a bias layer 17 and an 
electrode layer 18 having an overlay 18a and a 
relation shown by (Rsl/HI)/(Rsg/Hg)^0.02 where HI is 
the length extending vertically inward from the 
surface of the electrode layer 18 facing a magnetic 
recording medium, Rsl is a sheet resistance of this 
layer 18, Hg is the length extending vertically inward 
from the surface of the laminate 16 facing the 
magnetic recording medium, i.e., the element height, 
and Rsg is a sheet resistance of the laminate 16. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fixed magnetic layer to which it is formed in in contact with an antiferromagnetism 
layer and said antiferromagnetism layer on a substrate, and the magnetization direction is fixed by 
the switched connection field with said antiferromagnetism layer. The layered product to which the 
laminating of the fi-ee magnetic layer with which it was formed in said fixed magnetic layer through 
the nonmagnetic conductive layer, and the magnetization direction was arranged in the 
magnetization direction of said fixed magnetic layer and the crossing direction was carried out at 
least, The bias layer for arranging the magnetization direction of said fi-ee magnetic layer in the 
magnetization direction of said fixed magnetic layer, and the crossing direction. It has the overlay 
section which extends firom the both sides of said layered product to the firont-face side of said 
layered product towards a part for a center section. The die length which has the electrode layer of 
the couple which supphes a detection current to said layered product, and extends perpendicularly 
toward the direction of the interior in said electrode layer fi-om an opposed face with a magnetic- 
recording medium HI, When Hg and the sheet resistance of said layered product are set to Rsg, the 
die length, i.e., the component height, which extends the sheet resistance of said electrode layer 
perpendicularly toward the direction of the interior in Rsl and said layered product fi-om an opposed 
face with a magnetic-recording medium. The spin bulb mold thin film magnetic cell characterized by 
having the relation shown by the following general formula. 

(Rsl/Hl)/(Rsg/Hg)<=0.02 - [Claim 2] The spin bulb mold thin film magnetic cell according to claim 
1 characterized by having the relation shown by the following general formula in said HI, said Rsl, 
said Hg, and relation with said Rsg. 

(Rsl/Hl)/(Rsg/Hg)<=0.01 - [Claim 3] The fixed magnetic layer to which it is formed in in contact 
with an antiferromagnetism layer and said antiferromagnetism layer on a substrate, and the 
magnetization direction is fixed by the switched connection field with said antiferromagnetism layer, 
The layered product to which the laminating of the free magnetic layer with which it was formed in ' 
said fixed magnetic layer through the nonmagnetic conductive layer, and the magnetization direction 
was arranged in the magnetization direction of said fixed magnetic layer and the crossing direction 
was carried out at least. The bias layer for arranging the magnetization direction of said free 
magnetic layer in the magnetization direction of said fixed magnetic layer, and the crossing 
direction. It has the overlay section which extends from the both sides of said layered product to the 
front- face side of said layered product towards a part for a center section. The die length which has 
the electrode layer of the couple which supplies a detection current to said layered product, and 
extends perpendicularly toward the direction of the interior in said electrode layer from an opposed 
face with a magnetic-recording medium HI, the die length, i.e., component height Hg, which extends 
the sheet resistance of said electrode layer perpendicularly toward the direction of the interior in Rsl 
and said layered product from an opposed face with a magnetic-recording medium, the range of 0.2- 
0.5 micrometers. The spin bulb mold thin film magnetic cell characterized by having the relation 
shown by the following general formula when the sheet resistance Rsg of said layered product is 
made into the range of 15-25ohms / **. 

(Rsl/Hl) <=1 ohm/micrometer - [Claim 4] The spin bulb mold thin film magnetic cell according to 
claim 3 characterized by having the relation shown by the following general formula in the relation 
between said HI and said Rsl when said Hg is made into the range of 0.2-0.5 micrometers and said 
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Rsg is made into the range of 15-25ohms / **. 

(Rsl/Hl) <=0.5ohm/micrometer - [Claim 5] The spin bulb mold thin film magnetic cell according to 
claim 1 to 4 to which the angle on said overlay section front face of said electrode layer and said 
front face of a layered product to make is characterized by considering as the range of 45 - 70 
degrees. 

[Claim 6] The spin bulb mold thin film magnetic cell according to claim 1 to 5 characterized by 
coming to consider as the dual mold structure where the nonmagnetic conductive layer, the fixed 
magnetic layer, and the antiferromagnetism layer were respectively formed in the thickness direction 
both sides of said free magnetic layer. 

[Claim 7] The spin bulb mold thin film magnetic cell according to claim 1 to 6 characterized by 
forming the mean free path extension layer for extending the mean free path of conduction electron. 
[Claim 8] The spin bulb mold thin film magnetic cell according to claim 1 to 7 characterized by 
coming to consider as the ferrimagnetism condition that 180 degrees of sense of magnetization differ 
in the layers by which at least one side of said fixed magnetic layer and said free magnetic layer was 
divided and divided by two through the nonmagnetic interlayer. 

[Claim 9] Said antiferromagnetism layer is a spin bulb mold thin film magnetic cell according to 
claim 1 to 8 characterized by consisting of an alloy containing at least one sort or two sorts or more 
of elements of Ft, Pd, Rh, Ru, Ir, Os, Au, Ag, Cr, nickel, Ne, Ar, Xe, and the Kr(s), and Mn. 
[Claim 10] The thin film magnetic head characterized by having a spin bulb mold thin film magnetic 
cell according to claim 1 to 9. 



[Translation done.] 
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JPO and MCIPI are not responsible for any 
damages caused by the use of this translation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the thin film magnetic head equipped with the spin 
bulb mold thin film magnetic cell firom which electric resistance changes by the relation between the 
fixed magnetization direction of a fixed magnetic layer (pin (Pinned) magnetic layer), and the 
magnetization direction of the firee (Free) magnetic layer influenced of an external magnetic field, 
and this spin bulb mold thin fihn magnetic cell. It uses for the spin bulb mold thin fihn magnetic cell 
which has the electrode layer equipped with the overlay section which extends on the fi-ont face of 
said layered product towards a part for a center section especially fi-om the both sides of a layered 
product, and is related with a suitable technique. 
[0002] 

[Description of the Prior Art] A spin bulb mold thin fihn magnetic cell is a kind of the OMR (Giant 
Magnetoresistive) component which shows giant magneto-resistance, and detects a record field fi-om 
record media, such as a hard disk. Said spin bulb mold thin film magnetic cell has comparatively 
simple structure in a OMR component, and, moreover, it has the point of having excelled [ change / 
resistance rate of change is high and / by the weak field / resistance ], to the external magnetic field. 
[0003] Drawing 24 is the sectional view having shown the structure at the time of seeing an example 
of the conventional spin bulb mold thin film magnetic cell fi-om an opposed face (ABS side) side 
with a record medium. An antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic 
conductive layer, and the fi-ee magnetic layer of the spin bulb mold thin film magnetic cell shown in 
drawing 24 are the formed so-called bottom product type of single spin bulb mold thin films every 
much more. In this spin bulb mold thin film, the migration direction of magnetic-recording media, 
such as a hard disk, is a graphic display Z direction, and the direction of the leak field fi-om a 
magnetic-recording medium is the direction of Y. 

[0004] The conventional spin bulb mold thin fihn in drawing 24 The layered product 109 which 
consisted of the bottoms on the substrate by the substrate layer 106, the antiferromagnetism layer 
101, the fixed magnetic layer (pin (Pinned) magnetic layer) 102, the nonmagnetic conductive layer 
103, the fi-ee (Free) magnetic layer 104, and the protective layer 107, It consists of a hard bias layer 
105,105 of the couple formed in the both sides of this layered product 109, and an electrode layer 
108,108 of the couple formed on this hard bias layer 105,105. Moreover, the electrode layer 108,108 
has the overlay sections 108a and 108a which extend on the fi-ont face of said layered product 109 
towards a part for a center section from the both sides of a layered product 109. The substrate layer 
106 consists of Ta (tantalum) etc., and the antiferromagnetism layer 101 is formed from the NiO 
alloy, the FeMn alloy, the NiMn alloy, etc. Furthermore, said fixed magnetic layer 102 and free 
magnetic layer 104 are formed from Co, a NiFe alloy, etc., and Cu (copper) film is adapted for the 
nonmagnetic conductive layer 103, and the hard bias layer 105,105 is formed with a Co-Pt (cobah 
platinum) alloy, and the electrode layer 108,108 is formed by Cu etc. 

[0005] By forming said fixed magnetic layer 102 in contact with said antiferromagnetism layer 101 
a switched connection field (exchange anisotropy field) occurs in the interface of said fixed magnetic 
layer 102 and antiferromagnetism layer 101, and fixed magnetization of said fixed magnetic layer 
102 is being fixed for example, in the direction of graphic display Y. By said hard bias layer 105,105 
being magnetized in the graphic display XI direction, fluchiation magnetization of said free 
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magnetic layer 104 is arranged in the graphic display XI direction. This has relation which 
fluctuation magnetization of said free magnetic layer 104 and fixed magnetization of said fixed 
magnetic layer 102 intersect. 

[0006] In this spin bulb mold thin film magnetic cell, a detection current (sense cxirrent) is given to 
the fixed magnetic layer 102, the nonmagnetic conductive layer 103, and the free (Free) magnetic 
layer 104 from the electrode layer 108 formed on the hard bias layer 105. The migration direction of 
magnetic-recording media, such as a hard disk, is a graphic display Z direction, and if the leak field 
from a magnetic-recording medium is given in the direction of Y, magnetization of the free magnetic 
layer 104 will change from XI direction towards the direction of Y. An electric resistance value 
changes by the relation between fluctuation of the direction of magnetization within this free 
magnetic layer 104, and the fixed magnetization direction of the fixed magnetic layer 102 (this is 
called magnetic-reluctance (MR) effectiveness), and the leakage field from a magnetic-recording 
medium is detected by the electrical-potential-difference change based on this electric resistance 
value change. 

[0007] Moreover, this spin bulb mold thin film has the overiay sections 108a and 108a to which the 
electrode layer 108,108 extended to the layered product 109 up side, as shown in drawing 24 . 
Therefore, when the sense current which is a detection current is given to the fixed magnetic layer 
102, the nonmagnetic conductive layer 103, and the free (Free) magnetic layer 104 from the 
electrode layer 108, most sense currents J flow into a layered product 109 from the overlay section 
108a head of the electrode layer 108. For this reason, center-section part 104a to which most sense 
currents J flow in the free magnetic layer 104, and the both-sides parts (electrode overlay section) 
104b and 104b into which the sense current J hardly flows occur. 

[0008] In this spin bulb mold thin fihn magnetic cell, the amount of [ of the layered product 109 
located between overlay section 108a of the electrode layer 108 and 108a ] center section contributes 
to playback of the record field from a magnetic-recording medium substantially, and it has become 
the sensibility field which demonstrates a magneto-resistive effect. Moreover, the both-sides part of 
the layered product 109 located in the overlay sectionsa [ 108 ] and 108a bottom serves as an 
insensible field which does not contribute to playback of the record field from a magnetic-recording 
medium substantially. Thus, a sensibility field and an insensible field are formed by forming the 
overiay sections 108a and 108a in the electrode layer 108. And the width of face of this sensibility 
field turns into the width of recording track Tw of a spin bulb mold thin film magnetic cell. For this 
reason, by forming the overiay sections 108a and 108a in the electrode layer 108, the width of 
recording track Tw can be narrowed and it becomes possible to correspond to narrow track-ization 
aiming at the densification of recording density. 

[0009] However, for example, when the thickness of the electrode layers 108 and 108 is thin and 
specific resistance is large, or when the bond resistance in a part for the joint of the electrode layers 
108 and 108 and a layered product 109 is large, the sense current J which flows in from overlay 
section 108a will receive strong resistance, and will become the magnitude which cannot disregard 
diversion-of-river J' of the sense current J which flows in via the hard bias layer 105. Consequently, 
the sense current J comes to flow to the field shown in drawing 24 located under the overlay sections 
108a and 108a of a layered product 109 with Sign D. If the sense current J flows to the field D which 
should be this insensible field, the electrical-potential-difference change based on the magnetic- 
reluctance change to an external magnetic field will be discovered to Field D, and the signal of the 
recording track of the magnetic-recording medium corresponding to this field D will be reproduced, 
when narrow track-ization aiming at the densification of the recording density in a magnetic- 
recording medium was attained especially, side leading of originally carrying out reading appearance 
of the information on an adjoining magnetic-recording truck in the above-mentioned field D to the 
magnetic-recording truck which should be carried out reading appearance in a sensibility field 
occurred, and this may have become a noise to the output signal and may have caused the error. 
[0010] Furthermore, the demand of wanting to aim at improvement in much more output 
characteristics and improvement in sensibility also in a spin bulb mold thin film magnetic cell 
existed fiindamentally. 
[0011] 

[Problem(s) to be Solved by the Invention] This invention was made in view of the above-mentioned 
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situation, and tends to attain the following objects. 

** Aim at improvement in the output characteristics in a spin bulb mold thin film. 
** Aim at prevention of side leading generating. 

** Offer the thin fihn magnetic head equipped with the above spin bulb mold thin fihn magnetic 

cells. 

[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned object, this invention 
adopted the following configurations. On a substrate the spin bulb mold thin film magnetic cell of 
this invention An antiferromagnetism layer, The fixed magnetic layer to which it is formed in in 
contact with said antiferromagnetism layer, and the magnetization direction is fixed by the switched 
connection field with said antiferromagnetism layer. The layered product to which the laminating of 
the firee magnetic layer with which it was formed in said fixed magnetic layer through the 
nonmagnetic conductive layer, and the magnetization direction was arranged in the magnetization 
direction of said fixed magnetic layer and the crossing direction was carried out at least, The bias 
layer for arranging the magnetization direction of said fi-ee magnetic layer in the magnetization 
direction of said fixed magnetic layer, and the crossing direction, It has the overlay section which 
extends fi-om the both sides of said layered product to the fi-ont-face side of said layered product 
towards a part for a center section. The die lengfli which has the electrode layer of the couple which 
supplies a detection current to said layered product, and extends perpendicularly toward the direction 
of the interior in said electrode layer fi-om an opposed face with a magnetic-recording medium HI, 
When Hg and the sheet resistance of said layered product are set to Rsg, the die length, i.e., the 
component height, which extends the sheet resistance of said electrode layer perpendicularly toward 
the direction of the interior in Rsl and said layered product fi-om an opposed face with a magnetic- 
recording medium, it is characterized by having the relation shown by the following general formula. 

(Rsl/Hl)/(Rsg/Hg)<=0.02[0013] Since such a spin bulb mold thin film magnetic cell has the 
electrode layer equipped with the overiay section which extends on the firont face of said layered 
product towards a part for a center section fi-om the both sides of said layered product, a part for the 
center section of a layered product is made into a sensibility field, and since the both-sides part of the 
layered product located in the overiay section bottom is made into an insensible field, it can make 
width of face of a sensibility field the width of recording track. Therefore, the width of recording 
track can be narrowed and it becomes possible to correspond to narrow track-ization aiming at the 
densification of recording density. 

[0014] And the above-mentioned spin bulb mold thin fihn magnetic cell The die length which 
extends perpendicularly toward the direction of the interior in said electrode layer ftom an opposed 
face with a magnetic-recording medium HI, When Hg and the sheet resistance of said layered 
product are set to Rsg, the die length, i.e., the component height, which extends the sheet resistance 
of said electrode layer perpendicularly toward the direction of the interior fi-om an opposed face with 
Rsl and the magnetic-recording medium of said layered product. Since it has the relation shown by 
(RsI/Hl)/(Rsg/Hg)<=0.02, the resistance to the sense current which flows in fi-om the overlay section 
can be reduced, and the diversion of river of the sense current which flows in via a bias layer can be 
lessened. Consequently, since the sense current which flows to the insensible field in which it is 
located under the overiay section of a layered product decreases and electrical-potential-difference 
change in an insensible field stops being discovered, it becomes possible to prevent side leading of a 
spin bulb mold thin film magnetic cell. Moreover, since the diversion of river of a sense current can 
be lessened and a sense current can be centralized on the sensibility field located in a part for the 
center section of a layered product, it becomes possible for the electrical-potential-difference change 
m a sensibility field to improve, and to raise the output characteristics of a spin bulb mold thin fihn 
magnetic cell. 

[0015] In addition, the sensibiUty field of a layered product can determine the range by the micro 
truck profile method. That is, it is defined as the field where 50% or more of signal strength of the 
maximum signal strength was obtained among the regenerative signals acquired when a spin bulb 
mold thin film magnetic cell is made to scan on the minute truck with which a certain signal was 
recorded with a "sensibility field." Moreover, the "insensible fields" of a layered product is the both 
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sides of said sensibility field, and is defined as a field where signal strength turns into 50% or less of 
the maximum signal strength. 

[0016] Moreover, in the above-mentioned spin bulb mold thin fihn magnetic cell it is desirable to 
have the relation indicated to be said HI, said Rsl, and said Hg by the following general formula in 
relation with said Rsg. 

(Rsl/Hl)/(Rsg/Hg)<=0.01 -- by considering as such a spin bulb mold thin fihn magnetic cell the 
resistance to the sense current which fiows in fi-om the overlay section can be reduced further, and 
the diversion of river of the sense current which fiows in via a bias layer can be lessened further By 
this, side leading of a spin bulb mold thin fihti magnetic cell can be prevented much more 
effectively. Moreover, it becomes possible to improve further and to raise fiuther the output 
charactenstics of a spin bulb mold thin fihn magnetic cell of the electrical-potential-difference 
change in a sensibility field. 

[0017] Moreover, the spin bulb mold thin film magnetic cell of this invention The fixed magnetic 
layer to which it is formed in in contact with an antiferromagnetism layer and said 
antiferromagnetism layer on a substrate, and the magnetization direction is fixed by the switched 
connection field with said antiferromagnetism layer. The layered product to which the laminating of 
the firee magnetic layer with which it was formed in said fixed magnetic layer through the 
nonmagnetic conductive layer, and the magnetization direction was arranged in the magnetization 
direction of said fixed magnetic layer and the crossing direction was carried out at least, The bias 
layer for arranging the magnetization direction of said free magnetic layer in the magnetization 
du-ection of said fixed magnetic layer, and the crossing direction. It has the overlay section which 
extends from the both sides of said layered product to the front-face side of said layered product 
towards a part for a center section. The die length which has the electrode layer of the couple which 
supplies a detection current to said layered product, and extends perpendicularly toward the direction 
of the intenor m said electrode layer from an opposed face with a magnetic-recording medium HI 
Die-length Hg which extends the sheet resistance of said electrode layer perpendicularly toward the 
direction of the intenor in Rsl and said layered product from an opposed face with a magnetic- 
recording medium The range of 0.2-0.5 micrometers. When the sheet resistance Rsg of said layered 
product IS made into the range of 15-25ohms / **, it is characterized by having the relation shown by 
the following general formula. 

(RslHl) <=lohm/micrometer[0018] By considering as such a spin bulb mold thin film magnetic cell 
the resistance to the sense current which flows in from the overlay section can be reduced and the ' 
diversion of nver of the sense current which flows in via a bias layer can be lessened. Consequently 
Since the sense current which flows to the insensible field in which it is located under tiie overlay * 
section of a layered product decreases and electrical-potential-difference change in an insensible 
field stops being discovered, it becomes possible to prevent side leading of a spin bulb mold thin 
fihn magnetic cell. Moreover, since the diversion of river of a sense current can be lessened and a 
sense current can be centi-alized on the sensibility field located in a part for the center section of a 
layered product, it becomes possible for the electiical-potential-difference change in a sensibility 
Sfi?o^T™?^°'?' *° ^^'^^ °"*P"* characteristics of a spin bulb mold thin fihn magnetic cell 
[0019] In the above-mentioned spin bulb mold thin fihn magnetic cell, when said Hg is made into' 
the range of 0.2-0.5 micrometers and said Rsg is made into the range of 15-25ohms / ** in the 
relation between said HI and said Rsl, it is desirable to have the relation shown by the foUowine 
general formula. * 

(Rsl/Hl) <=— by considering as such [ O.Sohms // micrometer ] a spin bulb mold thin film magnetic 
cell, the resistance to tiie sense current which flows in from the overiay section can be reduced 
fiirther, and the diversion of river of the sense current which flows in via a bias layer can be lessened 
fwther. By this, side leading of a spin bulb mold thin film magnetic cell can be prevented much more 
effectively. Moreover, it becomes possible to improve fiirther and to raise further the output 
characteristics of a spin bulb mold thin film magnetic cell of the electiical-potential-difference 
change in a sensibility field. 

[0020] Furthermore, in the above-mentioned spin bulb mold thin film magnetic cell, it is desirable to 
make the angle on said overlay section front face of said electrode layer and said front face of a 
layered product to make into the range of 45 - 70 degrees. By considering as such a spin bulb mold 
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thin film magnetic cell, the resistance to the sense current which flows in from the overlay section 
can be reduced further, and the diversion of river of the sense current which flows in via a bias layer 
can be lessened further. By this, side leading of a spin bulb mold thin film magnetic cell can be 
prevented much more effectively. Moreover, it becomes possible to improve further and to raise 
further the output characteristics of a spin bulb mold thin fihn magnetic cell of the electrical- 
potential-difference change in a sensibility field. 

[0021] In the above-mentioned spin bulb mold thin film magnetic cell, it is good also as a thing 
which it comes to make into the dual mold structure where the nonmagnetic conductive layer, the 
fixed magnetic layer, and the antiferromagnetism layer were respectively formed in the thickness 
du-ection both sides of said free magnetic layer. By considering as such a spin bulb mold thin film, it 
shall become what has 2 sets of combination of three layers of a free magnetic layer / nonmagnetic 
conductive layer / fixed magnetic layer, big **R/R (resistance rate of change) shall be obtained as 
compared with a single spin bulb mold thin film magnetic cell, and it shall respond to high density 
record-ization. 

[0022] In the above-mentioned spin bulb mold tiiin fihn magnetic cell, it is desirable to form the 
mean free path extension layer for extending the mean free path of conduction electron. A "mean- 
free-patii extension layer" here means one [ at least ] thing of a BAKKUDO layer and a specular 
reflection layer. 

[0023] In the above-mentioned spin bulb mold thin fihn magnetic cell, as said mean-free-path 
extension layer, by preparing a BAKKUDO layer, the mean free path (mean free path) in the 
conduction electi-on of + spin (upward spin: up spin) contributed to a magneto-resistive effect shall 
be lengthened, big **R/R (resistance rate of change) shall be obtained according to the so-called spin 
filter effectiveness (spin filtereffect), and it shall respond to high density record-ization so that it may 
mention later. Moreover, in the above-mentioned spin bulb mold tiiin film magnetic cell, as said 
mean free path extension layer, by preparing a specular reflection layer, resistance rate of change can 
be improved according to the specular reflection effectiveness (specular effect) so that it may 
mention later. 

[0024] Here, why magnetic-reluctance rate of change becomes high by an above-mentioned 
BAKKUDO layer and an above-mentioned specular reflection layer is explained briefly. In advance 
of this explanation, tiie principle of tiie giant magneto-resistance of a spin bulb mold thin fihn 
magnetic cell is explained briefly. Here, the condition of having arranged the BAKKUDO layer or 
the specular reflection layer in the location which does not touch the nonmagnetic conductive layer 
of a free magnetic layer is made into an example, and is explained. When a sense current is 
impressed to a spin bulb mold thin film magnetic cell, conduction elecfa-on moves near [ where 
electnc resistance is mainly small ] a nonmagnetic conductive layer. Two kinds of conduction 
electron, rise spin (+ spin and upward spin:up spin) and down spin (- spin and downward spin down 
spin), recogmzes equivalent existence probable at tiiis conduction election. The magnetic-reluctance 
rate of change of a spin bulb mold thin fihn magnetic cell shows forward correlation to the stroke 
difference of the mean free path (mean free path) of these two kinds of conduction electron. 
[0025] About the conduction electron of down spin, irrespective of the sense of the external 
magnetic field impressed, it is always scattered about by the interface of a nonmagnetic conductive 
layer and a free magnetic layer, and the probability which moves to a free magnetic layer is 
maintained, while it has been low. For this reason, a mean free path is still short compared with the 
mean free path of the conduction elecfa-on of rise spin. On the other hand, about the conduction 
electron of nse spin, when the magnetization direction of a free magnetic layer changes into the 
magnetization direction of a fixed magnetic layer, and a parallel condition by the external magnetic 
field, the probabihty which moves to a free magnetic layer from a nonmagnetic conductive layer 
becomes high, and the mean free path is long. And the probability scattered about by the interface of 
a nonmagnetic conductive layer and a free magnetic layer increases, and the mean free path is short 
as the magnetization direction of a free magnetic layer changes witii external magnetic fields from an 
parallel condition to the magnetization direction of a fixed magnetic layer. Thus, tiie mean free path 
of the conduction electron of nse spin changes with operations of an external magnetic field a lot as 
compared with the mean free patii of the conduction electron of down spin. Moreover when the 
stroke difference of the mean free patii of tiie conduction electe^on of rise spin changes a lot 
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resistivity changes and the magnetic-reluctance rate of change (**R/R) of a spin bulb mold thin fihn 
magnetic cell becomes large. 

[0026] Here, if a BAKKUDO layer is connected to a free magnetic layer, the conduction electron of 
rise spin which moves in the inside of a free magnetic layer is enabled to move even into a 
BAKKUDO layer, and the mean free path of the conduction electron of rise spin can be further 
extended in proportion to the thickness of a BAKKUDO layer. For this reason, it can become 
possible to make the so-called spin filter effectiveness discover, the stroke difference of the mean 
free path of conduction electron can become large, and the magnetic-reluctance rate of change 
(**R/R) of a spin bulb mold thin film magnetic cell can be raised more. 

[0027] Moreover, if the laminating of the specular reflection layer is carried out to the location 
which does not touch said nonmagnetic conductive layer of a free magnetic layer, this specular 
reflection layer forms a potential barrier in an interface with a free magnetic layer, and it can be 
made to reflect it, while it had made the condition of that spin save the conduction electron of rise 
spin which moves in the inside of a free magnetic layer, and it will become possible to carry out 
specular reflection of the conduction electron of rise spin. Therefore, the mean free path of the 
conduction electron of rise spin can be extended. For this reason, it can become possible to make the 
so-called specular reflection effectiveness (specular effect) discover, the stroke difference of the 
mean free path in the conduction electron depending on spin can become still larger, and the 
magnetic-reluctance rate of change of a spin bulb mold thin fihn magnetic cell can be raised more. 
[0028] Furthermore, if the laminating of the specular reflection layer is carried out to the opposite 
hand of the field which touches said free magnetic layer of the BAKKUDO layer connected to the 
free magnetic layer, while the mean free path of the conduction electron of rise spin will become 
large according to the spin filter effectiveness With the potential barrier formed in the interface of a 
specular reflection layer and a BAKKUDO layer The so-called specular reflection effectiveness 
(specular effect) can be made to be able to discover, and the mean free path of the conduction 
electron of this rise spin can be further extended by saving and reflecting the condition of the spin of 
the conduction electron of rise spin. Therefore, the stroke difference of the mean free path in the 
conduction electron depending on spin can be enlarged further, and it becomes possible to raise 
further the magnetic-reluctance rate of change of a spin bulb mold thin fihn magnetic cell. 
[0029] Moreover, in the above-mentioned spin bulb mold thin fihn magnetic cell, it is good also as a 
thing which it comes to make into the ferrimagnetism condition that 180 degrees of sense of 
magnetization differ in the layers by which at least one side of said fixed magnetic layer and said 
free magnetic layer was divided and divided by two through the nonmagnetic interlayer. When it 
considers as the spin bulb mold thin film by which the fixed magnetic layer was divided by two 
through the nonmagnetic middle class at least, among the fixed magnetic layers divided by two, one 
side bears the role which fixes the fixed magnetic layer of another side in the proper direction, and 
becomes possible [ maintaining the condition of a fixed magnetic layer at the condition of having 
been stabilized dramatically ]. On the other hand, when it considers as the spin bulb mold thin film 
by which the free magnetic layer was divided by two through the nonmagnetic middle class at least, 
a switched connection field occurs among the free magnetic layers divided by two, and it considers' 
as a ferrimagnetism condition, and can be reversed with sufficient sensibility to an extemal magnetic 
field. 

[0030] Moreover, as for said antiferromagnetism layer, in the above-mentioned spin bulb mold thin 
film magnetic cell, it is desirable to consist of an alloy containing at least one sort or two sorts or 
more of elements of Pt, Pd, Rh, Ru, fr, Os, Au, Ag, Cr, nickel, Ne, Ar, Xe, and the Kr(s) and Mn. 
Since a switched connection field serves as an antiferromagnetism layer which is high, is excellent in 
corrosion resistance, and discovers switched connection field sufficient also at comparatively high 
temperature by considering as such a spin bulb mold thin film, it becomes possible to stabilize 
actuation of a spin bulb mold thin film magnetic cell, and it becomes possible to stabilize the 
actuation under an elevated temperature comparatively especially. 

[0031] Said technical problem is solvable with the thin film magnetic head characterized by 
equipping above either with the spin bulb mold thin film magnetic cell of a pubhcation. Since such 
the thin film magnetic head is previously equipped with the spin bulb mold thin film magnetic cell of 
a publication, its playback output of magnetic information is high, and the probability of side leading 
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generating can use it as the low thin film magnetic head. 
[0032] 

[Embodiment of the Invention] The thin film magnetic head hereafter equipped with the spin bulb 
mold thin film magnetic cell concerning this invention, its manufacture approach, and this spin bulb 
mold thin film magnetic cell is explained in detail based on a drawing. 

[1st operation gestalt] drawing 1 is the sectional view having shown the structure at the time of 
seeing the spin bulb mold thin film magnetic cell of the 1st operation gestalt of this invention fi-om 
an opposed face side with a record medium. The spin bulb mold thin film magnetic cell of this 
invention is a kind using giant magneto-resistance of a GMR (giant magnetoresitive) component. 
This spin bulb mold thin film magnetic cell is prepared in the trailing side edge section of the 
floatation type slider prepared in the hard disk drive unit etc., and detects record fields, such as a 
hard disk, so that it may mention later. In addition, the migration direction of magnetic-recording 
media, such as a hard disk, is a Z direction in drawing, and the direction of a leakage field fi*om a 
magnetic-recording medium is the direction of Y. 

[0033] The spin bulb mold thin film magnetic cell of the 1st operation gestalt of this invention It is 
the bottom product mold (Bottom type) which the laminating was carried out and was formed fi*om 
the substrate side in the order of an antiferromagnetism layer, a two-layer fixed magnetic layer, a 
nonmagnetic conductive layer, and a fi-ee magnetic layer. A fixed magnetic layer fixrther The 1st 
fixed magnetic layer. It is formed in said 1st fixed magnetic layer through a nonmagnetic interlayer, 
and has the 2nd fixed magnetic layer by which the magnetization direction was arranged with the 
magnetization direction of said 1st fixed magnetic layer, and anti-parallel. It is a kind of a means to 
come to make a fixed magnetic layer into a synthetic ferrimagnetism condition, and the single spin 
bulb mold thin film magnetic cell used as the so-called synthetic ferry PINDO mold (synthetic-ferri- 
pinned type). Moreover, the hard bias layer is prepared as a bias layer. 
[0034] In drawing 1 , the sign 10 shows the substrate. Substrate layer 10a is prepared on this 
substrate 10, the antiferromagnetism layer 1 1 is formed on substrate layer 10a, and the fixed 
magnetic layers 12 A, 12B, and 12C are fiirther formed on the antiferromagnetism layer 11. These 
fixed magnetic layers 12 A, 12B, and 12C are formed through nonmagnetic interlayer 12B on 1st 
fixed magnetic layer 12A and said 1st fixed magnetic layer 12 A, and consist of the 2nd fixed 
magnetic layer 12C by which the magnetization direction was arranged with the magnetization 
direction of said 1st fixed magnetic layer 12 A, and anti-parallel. On this 2nd fixed magnetic layer 
12C, the nonmagnetic conductive layer 13 which consists of Cu (copper) etc. is formed, and the fi-ee 
magnetic layer 14 is fiirther formed on said nonmagnetic conductive layer 13. on said fi*ee magnetic 
layer 14, the BAKKUDO layer Bl prepared as a mean-free-path extension layer forms - having - 
said BAKKUDO layer Bl top - Ta etc. - since - the becoming protective layer 15 is formed and 
oxidizing-zone 15a which consists of tantalum oxide (Ta-Oxide) is formed in this protective layer 15 
upside. 

[0035] And as shown in drawing 1 , the layered product 16 which has the cross-section configuration 
of abbreviation trapezoidal shape is constituted by each class from a part of antiferromagnetism layer 
1 1 to oxidizing-zone 15a. It is desirable to consider as the range of 0.2-0.5 micrometers, the die 
length, i.e., component height Hg, which extends perpendicularly toward the direction of the interior 
from an opposed face with the magnetic-recording medium in this layered product 16. Moreover, as 
for the sheet resistance Rsg of a layered product 16, it is desirable to consider as the range of 15-' 
25ohms / **. 

[0036] Moreover, signs 17 and 17 show a hard bias layer, and signs 18 and 18 show the electrode 
layer. These hard bias layers 17 and 17 are formed through bias substrate layer 17a on the 
antiferromagnetism layer 1 1 jutted out over the both-sides location (truck cross direction both sides) 
of a layered product 16 shown in drawing 1 . On this hard bias layer 17 and 17, the electrode layers 
18 and 18 are formed through the interlayer 19 who consists of Ta or Cr. 

[0037] As shown in drawing 1 , the spin bulb mold thin fihn magnetic cell of the bottom product 
type (Bottom type) with which the antiferromagnetism layer 1 1 is located in the bottom can lessen 
resistance which the specific resistance of the antiferromagnetism layer 1 1 to the sense current given 
to a layered product 16 produces according to a large thing, and can lessen the rate of the diversion 
of river of a sense current. For this reason, side leading can be prevented and it becomes possible to 
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correspond further by the densification of magnetic recording density. Furthermore, by contacting 
the BAKKUDO layer Bl which exposed the overlay sections 18a and 18a of the electrode layers 18 
and 18, contact resistance can be reduced further and the component of the diversion of river of the 
sense current which flows into the layered product 16 bottom from the hard bias layer 17 can be 
further reduced so that it may mention later. 

[0038] When it furthermore explains to a detail, as for said substrate layer 10a, in the spin bulb mold 
thin film magnetic cell of the 1st operation gestalt of this invention, being formed from Ta etc. is 
desirable. Moreover, as for said antiferromagnetism layer 1 1, in a part for the center section of a 
layered product 19, it is desirable to consider as the thickness of about 80-1 lOA, and to be formed 
with a PtMn alloy. Compared with a NiMn alloy, a FeMn alloy, etc. which are used as an 
antiferromagnetism layer from the former, it excels in corrosion resistance, and moreover, a PtMn 
alloy has high blocking temperature and its switched connection field (exchange anisotropy field) is 
also large. Moreover, the alloy which replaces with said PtMn alloy and is shown by the formula of 
X-Mn (however, X shows one sort of elements chosen from from among Pd, Ru, Ir, Rh, and Os.), Or 
X'-Pt-Mn (however, X' shows one sort or two sorts or more of elements chosen from fi-om among 
Pd, Ru, Ir, Rh, Os, Au, Ag, Cr, nickel, Ar, Ne, Xe, and Kr.) It may be formed with the alloy shown 
by the formula. 

[0039] Moreover, in the alloy shown by said PtMn alloy and the formula of said X-Mn, it is 
desirable for Pt or X to be the range of 37 - 63 atom %. It is the range of 47 - 57 atom % more 
preferably. In the alloy shown by the formula of X'-Pt-Mn, it is desirable for X'+Pt to be the range of 
37 - 63 atom % further again. It is the range of 47 - 57 atom % more preferably. Furthermore, as an 
alloy shown by said formula of X*-Pt-Mn, it is desirable for X' to be the range of 0.2 - 10 atom %. 
However, when X' is one or more sorts of Pd, Ru, Ir, Rh, and Os, as for X\ it is desirable that it is the 
range of 0.2 - 40 atom %. As said antiferromagnetism layer 1 1, the alloy of the above-mentioned 
proper presentation range can be used, and the antiferromagnetism layer 1 1 which generates a big 
switched connection field can be obtained by carrying out annealing treatment of this. Especially, if 
it is a PtMn alloy, it has a switched connection field exceeding 800 (Oe), and the blocking 
temperature which loses said switched connection field can obtain 380 degrees G and the 
outstanding, very high antiferromagnetism layer 11. Here, it is l(Oe) oersted =80 A/m. 
[0040] As for the 1st and 2nd fixed magnetic layers 12A and 12C, it is desirable to consist of a thin 
film of a ferromagnetic, for example, for it to be formed with Co, a NiFe alloy, a CoNiFe alloy, a 
CoFe alloy, a CoNi alloy, etc., and to consider as the thickness of about 10-30 A. 1st fixed magnetic 
layer 12A consists of Co, and the thickness is set as 13-15A. Moreover, 2nd fixed magnetic layer 
12C consists of Co, and the thickness is set as 20-25 A. Moreover, as for said nonmagnetic interlayer 
12B, it is desirable to be formed with one sort or two sorts or more of alloys among Ru, Rh, Ir, Cr, 
Re, and Cu, and it is usually formed in the thickness which is about 8A. 

[0041] By forming 1st fixed magnetic layer 12A in contact with the antiferromagnetism layer 1 1, 
and giving annealing in a magnetic field (heat treatment), as a switched connection field (exchange 
anisotropy field) occurs in the interface of said 1st fixed magnetic layer 12A and antiferromagnetism 
layer 1 1, for example, it is shown in drawing 1 , magnetization of said 1st fixed magnetic layer 12A 
is fixed in Ihe direction of graphic display Y. Magnetization of 2nd fixed magnetic layer 12C which 
magnetization of said 1st fixed magnetic layer 12A will counter through nonmagnetic interlayer 12B 
if fixed in the direction of graphic display Y is fixed to the condition of graphic display Y, i.e., the 
direction, and hard flow of magnetization of 1st fixed magnetic layer 12 A, and anti-parallel. 
[0042] It is stabilized and a switched connection field can so maintain magnetization of 1st fixed 
magnetic layer 12 A, and magnetization of 2nd fixed magnetic layer 12C at an anti-parallel condition 
that it is large. Especially, as an antiferromagnetism layer 1 1, it is high, and by using the PtMn alloy 
moreover made to generate a large switched connection field (exchange anisotropy field) in an 
interface with 1st fixed magnetic layer 12 A, also thermally blocking temperature is stabilized and 
can maintain the magnetization condition of said 1st fixed magnetic layer 12A and 2nd fixed 
magnetic layer 12C. 

[0043] With this operation gestalt, by storing the fihn parameter of 1st fixed magnetic layer 12A and 
2nd fixed magnetic layer 12C within proper limits A switched connection field (Hex) can be 
enlarged, magnetization with 1st fixed magnetic layer 12A and 2nd fixed magnetic layer 12C can be 
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maintained at the anti-parallel condition (ferry condition) stabilized also thermally, and it is possible 
to secure **R/R (resistance rate of change) to the same extent as the former moreover. Furthermore, 
it becomes possible by controlling the magnitude of the magnetic field under heat treatment, and its' 
direction proper to control the magnetization direction of 1st fixed magnetic layer 12A and 2nd fixed 
magnetic layer 12C towards desired. 

[0044] The nonmagnetic conductive layer 13 consists of Cu (copper) etc., and the thickness is set as 
20-25 A. As for said firee magnetic layer 14, it is desirable to consider as the thickness of about 20- 
50A, and to usually be formed with the same construction material as 1st fixed magnetic layer 12A 
and 2nd fixed magnetic layer 12C etc. The BAKKUDO layer Bl can consist of metallic materials, 
such as Cu, and an ingredient chosen fi-om the group which consists of a nonmagnetic electrical 
conducting material and consists of Au, Ag, and Cu, for example, the thickness is set as 12-20 A. A 
protective layer 15 consists of Ta and is set to oxidizing-zone 15a to which the front face oxidized. 
Moreover, this protective layer 15 is formed so that a truck cross direction (it sets to drawing 1 and is 
XI direction) ends side may become shorter than layered product 16 top face, and it is made into the 
condition that the BAKKUDO layer Bl was exposed, in the ends of layered product 16 top face. 
[0045] Bias substrate layer 17a is the buffer film and the orientation film, and being formed by Cr 
etc. is desirable, for example, let it preferably be the thickness of about 35 A about 20-50A. 
Moreover, an interlayer 19 consists of Ta and let him be about 50A thickness. These bias substrate 
layer 17a and the middle class 19 can prevent that the magnetic properties of the hard bias layers 17 
and 17 deteriorate by fimctioning as a diffusion barrier and carrying out thermal diffusion between 
the hard bias layers 17 and 17 and a circumference layer, when put to an elevated temperature at the 
hardening process (UV cure or postbake) of the insulating resist performed in the manufacture 
process of the inductive head (write head) of an after process etc. 

[0046] As for said hard bias layers 17 and 17, it is desirable to consider as the thickness of about 
200-5OOA, for example, to usually be formed with a Co-Pt alloy, a Co-Cr-Pt alloy, a Co-Cr-Ta 
(cobalt chrome-tantalum) alloy, etc. Moreover, magnetization of said fi-ee magnetic layer 14 is 
arranged in the graphic display XI direction by said hard bias layers 17 and 17 being magnetized in 
the graphic display XI direction. Thereby, the fluctuation magnetization direction of said fi-ee 
magnetic layer 14 and the fixed magnetization direction of said 2nd fixed magnetic layer 12C serve 
as relation which crosses at 90 degrees. 

[0047] As for said hard bias layers 17 and 17, it is desirable for it to be arranged in the same 
hierarchy location as said free magnetic layer 14, and to consider as bigger thickness than the 
thickness of said free magnetic layer 14 in the direction of thickness of said free magnetic layer 14. 
moreover, the top faces 17b and 17b of said hard bias layers 17 and 17 are arranged in the location 
which is distant fiom a substrate 10 from top-face 14A of the free magnetic layer 14 (namely, ~ 
drawing 1 - an upside), and the xmderside of said hard bias layers 17 and 17 is arranged rather than 
the underside of said free magnetic layer 14 in the location by the side of a substrate 10 (namely, ~ 
drawing 1 ~ the bottom). 

[0048] Moreover, the junction of the top faces 17b and 17b of said hard bias layers 17 and 17, and 
the side face of said layered product 16 From the upper beds 16a and 16a of the side face of a' 
layered product 16, in the location by the side of a subsfrate 10 (namely, drawing 1 under) And it is 
desirable to consider as the location below the best location (the example of drawing 1 both-sides 
edge of the top faces 17b and 17b of the hard bias layers 17 and 17) of said hard bias layers 17 and 
17 in the location estranged from the layered product 16. The flux control in the field which acts on 
the free magnetic layer 14 from the hard bias layers 17 and 17 by this, That is, it stops being able to 
happen easily that the effective field which joins the free magnetic layer 14 when the leakage flux 
from the hard bias layers 17 and 17 is absorbed by the up shielding layer located in the layered 
product 16 upper part decreases. Since the free magnetic layer 14 becomes that itis [ single-domain-] 
easy to beized, magnetic-domain control of said free magnetic layer 14 can be performed good. 
[0049] Moreover, resistance can be reduced by being formed by the monolayer which the elecfrode 
layers 18 and 18 become from one sort chosen fiom Cr, Au, Ta, and W, or more than it, or its 
muhilayer. Here, Cr is chosen as electrode layers 18 and 18, and an electric resistance value can be 
reduced by being formed by growing epitaxially on the interiayer 19 who consists of Ta. 
[0050] On the top face of a layered product 16, the elecfrode layers 18 and 18 extend on the exposed 
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BAKKUDO layer Bl, form the overlay sections 18a and 18a, and covering formation of these 
overlay sections 18a and 18a is carried out at a layered product 16, and they are connected to the 
BAKKUDO layer Bl. 

[0051] Thus, by making the overlay sections 18a and 18a put on a layered product 16, the part 
(sensibility field S) which contributes to playback of the record field fi-om a magnetic-recording 
medium substantially, and the part (insensible field N) which does not contribute to playback of the 
record field fi-om a magnetic-recording medium substantially are formed, the width of face of the 
sensibility field S turns into the magnetic width of recording track of a spin bulb mold thin film 
magnetic cell, and it becomes possible to correspond to narrow track-ization. In addition, the 
sensibility field S occupied to a layered product 16 and an insensible field N are measured by the 
micro truck profile method. 

[0052] Hereafter, the micro truck profile method is explained based on drawing 23 . As shown in 
drawing 23 , the spin bulb mold thin film magnetic cell concerning this invention which has the 
layered product which demonstrates a magneto-resistive effect, the hard bias layer formed in the 
both sides, and the electrode layer equipped with the overlay section which extends on the fi-ont face 
of said layered product is formed on a substrate. 

[0053] Next, the width method B of the top face of the layered product which an electrode layer 
covers and has not hung with an optical microscope or an electron microscope is measured. This 
width method B is defined as the width of recording track Tw measured by optical means. 
[0054] And the predetermined signal is recorded as a minute truck on the magnetic-recording 
medium, a spin bulb mold thin film magnetic cell is made to scan crosswise [ truck ] on this minute 
truck, and the relation between the width method A of a layered product and a playback output is 
measured. Or the magnetic-recording medium side by which the minute truck was formed may be 
made to scan crosswise [ truck ] on a spin bulb mold thin film magnetic cell, and the relation 
between the width method A of a layered product and a playback output may be measured. The 
measurement result is shown in the drawing 23 bottom. 

[0055] According to this measurement result, near the center of a layered product, it tums out that a 
playback output becomes high and a playback output becomes low near the flank of said layered 
product. Although a magneto-resistive effect is demonstrated good and it participates in a 
regenerative function near the center of a layered product fi-om this result, in near [ that ] the both- 
sides section, a magneto-resistive effect gets worse, a playback output is low and the regenerative 
function is falling. 

[0056] In this invention, the field formed by the width method B on the top face of a layered product 
which 50% or more of playback output generates to the maximimi playback output is defined as a 
sensibility field, and it defines the field formed by having the width method C on the top face of a 
layered product for generating only 50% or less of playback output to the maximum playback output 
as an insensible field. 

[0057] As shown in drawing 23 , the sensibility field S is a field which shows a magneto-resistive 
effect substantially, and the width of face of this sensibility field S serves as a magnetic truck width 
method. Moreover, on the top face of a layered product 16, the dimension of the truck cross direction 
( drawing 1 XI direction) in which the overlay sections 18a and 18a are not formed is the optical 
truck width method Tw (dimension B). As shown in drawing 23 , with this operation gestalt, the 
optical width of recording track Tw (dimension B) and magnetic width-of-recording-track S are set 
as the almost same dimension, or magnetic width-of-recording-track S is set as a Uttle larger 
dimension than the optical width of recording track Tw (dimension B). 

[0058] Thereby, the sense current given fi-om the electrode layers 18 and 18 to a layered product 16 
can make [ many ] directly the rate of passing a sense current to a layered product 16, without being 
hard coming to flow to a layered product 16 through the hard bias layers 17 and 17, and minding 
these hard bias layers 17 and 17. And by the ability increasing the plane-of-composition product of a 
layered product 16 and the electrode layers 18 and 18 in this case, the bond resistance which does 
not contribute to a magneto-resistive effect can be lowered, and the reproducing characteristics of a 
component can be improved. 

[0059] Moreover, the spin bulb mold thin fihn of the structure shown in drawing 1 The die length 
which extends perpendicularly toward the direction of the interior fi-om an opposed face with the 
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magnetic-recording medium of the electrode layers 18 and 18 HI, When Hg and the sheet resistance 
of said layered product are set to Rsg, the die length, i.e., the component height, which extends the 
sheet resistance of said electrode layers 18 and 18 perpendicularly toward the direction of the interior 
from an opposed face with Rsl and the magnetic-recording medium of a layered product 16, it has 
the relation shown by the following general formula. 

When (Rsl/Hl)/(Rsg/Hg)<=0.02 (Rsl/Hl)/(Rsg/Hg) exceeds 0.02, since there is a possibility that the 
effectiveness which enlarges the ratio of the sense current which flows in from the overlay sections 
18a and 18a of the electrode layers 18 and 18 may fiilly be acquired no longer, and side leading may 
occur, it is not desirable. Moreover, as for said HI, said Rsl, said Hg, and the relation with said Rsg, 
it is more desirable to have the relation shown by the following general formula. 
(Rsl/Hl)/(Rsg/Hg)<=0.01[0060] Moreover, the spin bulb mold thin fihn of the structure shown in 
drawing 1 The die length which extends perpendicularly toward the direction of the interior from an 
opposed face with the magnetic-recording medium of the electrode layers 18 and 18 HI, the die 
length, i.e., component height Hg, which extends the sheet resistance of the electrode layers 18 and 
18 perpendicularly toward the direction of the interior from an opposed face with Rsl and the 
magnetic-recording medium of a layered product 16, the range of 0.2-0.5 micrometers. When Rsg is 
made into the range of 15-25ohms / ** for the sheet resistance of a layered product 16, it has the 
relation shown by the following general formula, 

(Rsl/Hl) When <=1 ohm/micrometer (Rsl/Hl) exceeds micrometer in lohm /, since there is a 
possibility that the effectiveness which enlarges the ratio of the sense current which flows in from 
the overlay sections 18a and 18a of the electrode layers 18 and 18 may frilly be acquired no longer, 
and side leading may occur, it is not desirable. Moreover, when said Hg is made into the range of 
0.2-0.5 micrometers and said Rsg is made into the range of 15-25ohms / ** in the relation between 
said HI and said Rsl, it is more desirable to have the relation shown by the following general 
formula. 

(Rsl/Hl) <=0.5ohm/micrometer[0061] Moreover, as for the angle theta of overlay section 18a of the 
electrode layers 18 and 18, 18a front face, and layered product 16 front face to make, it is desirable 
to consider as the range of 45 - 70 degrees. Since there is a possibility of generating side leading 
since the thickness of the point of the overlay sections 18a and 18a becomes thin, the sheet resistance 
Rsl of a point becomes large and the resistance to the sense current which flows in from the overlay 
sections 18a and 18a becomes large when smaller than 45 degrees, this include angle theta is not 
desirable. Since a possibility that it may become difficuh for the insulator layer used as the up gap 
about which said include angle theta is formed for the level difference on an electrode layer top face 
and the top face of a layered product by the top face of a spin bulb mold thin film magnetic cell by 
becoming steep too much when larger than 70 degrees to cover this level difference on the other 
hand, and up shielding and a spin bulb mold thin film magnetic cell may short-circuit electrically 
arises, it is not desirable. 

[0062] In the spin bulb mold thin film magnetic cell of the structure shown in drawdng 1 , a sense 
current can be given to a layered product 16 from the electrode layers 18 and 18. If a field is given in 
the direction of graphic display Y shown in drawing 1 from a magnetic-recording medium, 
magnetization of the free magnetic layer 14 v^U be changed in the direction of Y from graphic 
display XI direction. By the interface of the nonmagnetic conductive layer 13 at this time, and the 
free magnetic layer 14, and the interface of the nonmagnetic conductive layer 13 and 2nd fixed 
magnetic layer 12C, when dispersion of the conduction electron for which it depended on spin 
according to the so-called GMR effectiveness takes place, electric resistance changes and the leak 
field from a record medium is detected. 

[0063] In the spin bulb mold thin film magnetic cell of the structure shown in drawing 1 , the mean 
free path (mean free path) in the electron of + spin (upward spin: up spin) contributed to a magneto- 
resistive effect shall be lengthened by the BAKKUDO layer Bl, big **R/R (resistance rate of 
change) shall be obtained in a spin bulb mold thin film according to the so-called spin filter 
effectiveness (spin filter effect), and it shall respond to high density record-ization. 
[0064] Hereafter, the spin filter effectiveness (spin filter effect) is explained. Drawing 7 is a ** type 
explanatory view for explaining the contribution to the spin filter effectiveness by the BAKKUDO 
layer in a spin bulb mold thin film magnetic cell. Drawing 7 (a) is the sectional view showing the 
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example of a spin bulb mold thin film magnetic cell without a BAKKUDO layer, and drawing 7 (b) 
is the sectional view showing the example of the spin bulb mold thin fibn magnetic cell in this 
operation gestalt. In drawing 7 (a), a sign 101 thru/or 104 correspond to the conventional spin bulb 
mold thm film magnetic cell without the BAKKUDO layer shown in drawing 24 , and let it be the 
so-called synthetic ferry PINDO mold (synthetic-ferri-pinned type) which has 1st fixed magnetic 
layer 102A, nonmagnetic middle class 102B, and 2nd fixed magnetic layer 102C instead of the fixed 
magnetic layer 102 in drawing 24 . 

[0065] The huge magnetic-reluctance GMR effectiveness observed with a magnetic material What 
[ what is depended mainly on electronic "dispersion depending on spin" ], i.e., a magnetic material. 
The mean free path of the conduction electron which has spin (for example, + spin (upward spin: up 
spin)) parallel to the magnetization direction of the free magnetic layer 14 here (mean free 
path:lambda+), A difference with the mean free path (lambda-) of conduction electron with parallel 
spin (for example, - spin (downward spin: down spin)) contrary to the magnetization direction of a 
magnetic material is used. It sets to drawing 7 and is up spin. A upward arrow head shows the 
conduction elecfa-on which it has, and it is down spin. Downarrow shows the conduction electron 
which it has. 

[0066] If this electi-on has + spin parallel to the magnetization direction of the free magnetic layer 14 
in case an elechx)n tends to pass through the free magnetic layer 14, it can move freely, but when an 
electron has - spin in this and reverse, it will be scattered about promptly. This is mean free path 
lambda+ of an electron with + spin. For example, mean free path lambda of the election which has - 
spin to being about 50A - It is about 6A and is because it is exti-emely as small as about 1/10. 
[0067] It is the mean free path lambda of - spin electron whose thickness of the free magnetic layer 
14 is about 6A in this operation gestalt. - Mean free path lambda+ of + spin electron which it is large 
and IS about 50A It is set up small, therefore, in case it is going to pass through the free magnetic 
layer 14, - spin conduction electix>n (minority carrier; minority carrier) is effectively blocked by tiiis 
free magnetic layer 14 (tiiat is, fiUer out is carried out ~ having), and, as for + spin conduction 
electron (majority carrier; majority carrier), ** moves it tiansparent to tiiis free magnetic layer 14 
intrinsically by it. 

[0068] The majority carrier generated in 2nd fixed magnetic layer 12C, a minority carrier, i.e., + spin 
electron corresponding to tiie magnetization direction of 2nd fixed magnetic layer 12C, and - spin 
elech-on move toward the free magnetic layer 14, and become migration of a charge, i.e., a carrier 
When magnetization of tiie free magnetic layer 14 rotates, these carriers are scattered about after 
each has differed, that is, since the passage conditions in the free magnetic layer 14 differ, 
respectively, they will bring about the above-mentioned GMR. 

[0069] Although the electi-on which moves toward 2nd fixed magnetic layer 12C from the free 
magnetic layer 14 is also contributed to GMR, since it will move in the same direction if tiie electron 
which goes to tiie free magnetic layer 14 from 2nd fixed magnetic layer 12C, and tiie electron which 
goes to 2nd fixed magnetic layer 12C from tiie fi-ee magnetic layer 14 are averaged, explanation is 
omitted. Moreover, since the election generated in the nonmagnetic conductive layer 13 has tiie 
number of + spin elections, and tiie equal number of - spin electirons, the sum of a mean free patii 
does not change but this also omits explanation. 

[0070] The number of the minority carriers which occur in 2nd fixed magnetic layer 12C and pass 
tiie nonmagnetic conductive layer 13, i.e., - spin electi-on, is equal to tfie number of - spin electrons 
scattered about by tiie interface of 2nd fixed magnetic layer 12C and the nonmagnetic conductive 
layer 13. These - spin electrons are scattered about near the interface of the nonmagnetic conductive 
layer 13 and 2nd fixed magnetic layer 12C, before [ far ] reaching an interface with the free magnetic 
layer 14. Therefore, even if tiie magnetization direction of tiie free magnetic layer 14 rotates tiiis - 
spin electi-on, a mean free patii does not change, is still very short compared witii ttie mean free path 
of + spin electron, and does not influence the change in resistance which contributes to tiie resistance 
rate of change causmg GMR effectiveness. What is necessary is to consider only tiie behavior of + 
spin electron in the GMR effectiveness by this. 

[0071] The majority carrier generated in 2nd fixed magnetic layer 12C, i.e., + spin electron is mean 
free path lambda+ of this + spin electi-on. It moves in tiie inside of the short nonmagnetic conductive 
layer 13, and the free magnetic layer 14 is reached. When an external magnetic field does not act on 
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the free magnetic layer 14 and the magnetization direction of the free magnetic layer 14 is not 
rotating, since this + spin electron has + spin parallel to the magnetization direction of the free 
magnetic layer 14, a majority carrier can pass this free magnetic layer 14 freely. 
[0072] Furthermore, in the BAKKUDO layer Bl, as shown in drawing 7 (b), after -f spin electron 
which passed the free magnetic layer 14 moves additional mean free path lambda+b determined with 
the ingredient of this BAKKUDO layer Bl, they are scattered about. When there is no mean free 
path of Bl BAKKUDO layer of H- spin electron, as shown in drawing 7 (a), it will move in the inside 
of the free magnetic layer 14, and will be scattered about on the top face, but when the BAKKUDO 
layer Bl is formed, this means having extended by additional mean-free-path lambda+b, as shown in 
drawing 7 (b). Therefore, the resistance as a spin bulb mold thin film decreases by applying the 
electrical conducting material which has comparatively low resistance (namely, long mean free 
path). 

[0073] If the magnetization direction of the free magnetic layer 14 rotates by impressing an external 
magnetic field, since it will be in the condition that the magnetization direction of this magnetic 
material differs from the sense of spin, on the other hand, + spin electrons will be scattered about in 
the free magnetic layer 14, and an effective mean free path decreases rapidly. That is, resistance 
increases. Therefore, by forming the BAKKUDO layer Bl, the big OMR effectiveness of **R/R 
(resistance rate of change) can be observed, and the playback output characteristics of a spin bulb 
mold thin film can be improved. 

[0074] Here, the direction of fluctuation magnetization of the free magnetic layer 14 which 
influences the asymmetry of an output is explained based on a drawing. Drawing 8 is the fluctuation 
magnetization Mf of the free magnetic layer 14. It is a ** type explanatory view explaining a 
convention of a direction. Fluctuation magnetization Mf of the free magnetic layer 14 It is the 
following three fields to affect a direction, that is, sense current field HJ by the sense current J Anti- 
field (dipole) field Hd by fixed magnetization of the fixed magnetic layers 12 A, 12B, and 12C 
Interaction field Hint by the interaction between layers of the free magnetic layer 14 and the fixed 
magnetic layers 12 A, 12B, and 12C it is . Fluctuation magnetization Mf of the free magnetic layer 14 
from these fields If there is little contribution, asymmetry will decrease. That is, it is HJ+ in the 
condition that an extemal magnetic field is not impressed in order to decrease asymmetry. Hd-H 
Being set to Hint =0 is desirable. 

[0075] It sets here to the spin bulb mold thin fihn magnetic cell of this operation gestalt. It is formed 
in 1st fixed magnetic layer 12A and 1st fixed magnetic layer 12A through nonmagnetic interlayer 
12B. The means which forms in a layered product 16 2nd fixed magnetic layer 12C by which the 
magnetization direction was arranged with the magnetization direction of 1st fixed magnetic layer 
12 A, and anti-parallel, and it comes to make into a synthetic ferrimagnetism condition in a fixed 
magnetic layer, By having considered as the so-called synthetic ferry PINDO mold (synthetic-ferri- 
pinned type) As shown in drawing 8 , it is said anti-field (dipole) field Hd, It can deny mutually by 
the magnetostatic joint field MP 1 of 1st fixed magnetic layer 12 A, and the magnetostatic joint field 
MP 2 of 2nd fixed magnetic layer 12C, and can cancel, the anti-field (dipole) field which affects it in 
the fluctuation magnetization direction of the free magnetic layer 14 by this - about - anti-field 
(dipole) field Hd can be referred to as Hd =0 and according to fixed magnetization of a fixed 
magnetic layer from - fluctuation magnetization Mf of the free magnetic layer 14 Contribution can 
be decreased sharply. 

[0076] Next, sense current field HJ by the sense current J which influences asymmetry Reduction is 
explained, sense current field HJ according [ drawing 9 ] to the sense current J by the BAKKUDO 
layer Bl from ~ fluctuation magnetization Mf of the free magnetic layer 14 It is drawing explaining 
reduction in contribution. Drawing 9 (a) is a cross-sectional view vertical to the medium opposed 
face (ABS side) which shows the example of a spin bulb mold thin fihn magnetic cell without a 
BAKKUDO layer, and drawing 9 (b) and drawing 9 (c) are cross-sectional views vertical to the 
medium opposed face (ABS side) which shows the example of the spin bulb mold thin film magnetic 
cell in this operation gestalt. 

[0077] In drawing 9 (a), a sign 101 thru/or 104 correspond to the conventional spin bulb mold thin 
film magnetic cell without the BAKKUDO layer shown in drawing 24 , and let it be the so-called 
synthetic ferry PINDO mold (synthetic-ferri-pinned type) which has 1st fixed magnetic layer 102 A, 
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nonmagnetic middle class 102B, and 2nd fixed magnetic layer 102C instead of the fixed magnetic 
layer 1 02 in drawing 24 . 

[0078] As shown in drawing 9 (a), when the sense current J is given to the antiferromagnetism layer 
101, fixed magnetic layer 102of ** 1st A, nonmagnetic interlayer 102B, 2nd fixed magnetic layer 
102C, the nonmagnetic conductive layer 103, and the free magnetic layer 104 in a bottom product 
type spin bulb mold thin film without a BAKKUDO layer, there is an inclination for the location 
where the sense current J mainly flows to become near the core of these layered products. However, 
since the big antiferromagnetism layer 101 of thickness exists in the lower part of these layers, the 
sense current J has the inclination to flow near the bottom of the nonmagnetic conductive layer 103 
so that it may be shown in under surface (a) than the free magnetic layer 104 which I want to flow, 
i.e., drawing 9 . For this reason, sense current field HJ according to the sense current J in the location 
of the fi-ee magnetic layer 14 A very large contribution will be given to the right sense in drawing 9 
(a), and it is going to make asymmetry small, and is the fluctuation magnetization Mf of the free 
magnetic layer 104. Difficulty was produced to amend a direction towards desired. 
[0079] On the other hand, in this operation gestalt, as shown in drawing 9 (b), the location based on 
[ of this layered product 16 ] currents is moving to the free magnetic layer 14 side by having formed 
the BAKKUDO layer Bl in the topmost part of a layered product 16. For this reason, the core of the 
sense current J will flow free magnetic layer 14 location mostly, therefore, sense current field HJ 
over the free magnetic layer 14 from - the big contribution to the longitudinal direction in drawing 9 
can be lost. That is, a sense current field can be mostly set to HJ =0. 

[0080] In other words, in the nonmagnetic conductive layer 13 and the BAKKUDO layer Bl, the 
sense current J shown in drawing 9 (b) is equivalent to what was shunted toward the diversion of 
river J 1 of this direction, and the diversion of river J2, respectively, as shown in drawing 9 (c). In 
this case, in the free magnetic layer 14, the right sense field which a diversion of river Jl makes, and 
the leftward field which a diversion of river J2 makes are canceled. By this, the sense current field in 
the free magnetic layer 14 can be mostly set to HJ =0. 

[0081] Therefore, fluctuation magnetization Mf of the free magnetic layer 14 shown in drawing 8 
mentioned above Sense current field HJ according to two fields J with a big contribution, i.e., a sense 
current, among three fields which affect a direction Anti-field (dipole) field Hd by fixed 
magnetization of the fixed magnetic layers 12 A, 12B, and 12C It is mostly cancellable. Interaction 
field Hint by the interaction between layers of the free magnetic layer 14 with a most contribution 
small in order to decrease asymmetry by this in the condition that an extemal magnetic field is not 
impressed, and the fixed magnetic layers 12A, 12B, and 12C What is necessary will be just to take 
into consideration. 

[0082] Therefore, the condition J, i.e., a sense current, that the spin bulb mold thin film is not 
operating is not given, but it is the sense current field HJ. It is in the condition which has not been 
generated and is the fluctuation magnetization Mf of the free magnetic layer 14. What is necessary is 
just to arrange by magnetization of the hard bias layers 17 and 17 so that it may become a direction 
near XI in drawing 1 . That is, fluctuation magnetization Mf of the free magnetic layer 14 specified 
by the hard bias layers 1 7 and 17 when the sense current J is not given Fixed magnetization Mp of 
fixed magnetic layer 12C Need to foresee contribution of the sense current J and it is not necessary 
to set it up so that these may intersect perpendicularly that what is necessary is just to intersect 
perpendicularly only after the sense current J flows. For this reason, the sense current J is not given 
but it is the sense current field HJ. When having not generated, it is the fluctuation magnetization Mf 
of the free magnetic layer 14. Fixed magnetization Mp of 2nd fixed magnetic layer 12C Making an 
opposite hand into the other side is lost. 

[0083] Here, this spin bulb mold thin film has the overlay sections 18a and 18a to which the 
electrode layers 18 and 18 formed on the hard bias layers 17 and 17 extended to the layered product 
16 up side, as shown in drawing 1 . For this reason, when the detection current (sense current) J is 
given to the 2nd fixed magnetic layer 12, tiie nonmagnetic conductive layer 13, and the free (Free) 
magnetic layer 14 from the electrode layers 18 and 18, as for this sense current J, that most will flow 
into a layered product 16 from these overlay sections 18a and 18a. For this reason, a part for the 
center section to which the sense current J mainly flows to the free magnetic layer 14, and the both- 
sides part into which a sense current hardly flows occur. 
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[0084] The free magnetic layer 14 whole is covered and it is the sense current field HJ. Since it is 
very small, in a part for the center section to which the sense current J is flowing, and the both-sides 
part into which a sense current hardly flows, producing a big difference in contribution of each field 
is lost, and a gap of the magnetization direction is not produced in the free magnetic layer 14 whole. 
[0085] Therefore, it can prevent that the ununiformity of magnetization occurs by making a magnetic 
domain wall in the free magnetic layer 14, and barring single domain-ization. For this reason, in a 
spin bulb mold thin fihn, bulk HAIZEN noise generating can be prevented and improvement in the 
stability (stability) in signal processing from a magnetic-recording medium can be aimed at. 
[0086] Hereafter, the manufacture approach of the spin bulb mold thin film magnetic cell in this 
operation gestalt is explained based on a drawing. Drawing 2 thru/or drawing 6 are the sectional 
views for explaining the manufacture approach of the spin bulb mold thin film magnetic cell in this 
operation gestalt. 

[0087] In this operation gestalt the manufacture approach of a spin bulb mold thin film When an 
approximate account is carried out, on a substrate 10 Substrate layer 10a and the antiferromagnetism 
layer 1 1, 1st fixed magnetic layer 12 A, nonmagnetic interlayer 12B, and 2nd fixed magnetic layer 
12C, The nonmagnetic conductive layer 13, the free magnetic layer 14, the BAKKUDO layer Bl, 
and a protective layer 15, The process which forms the lift-off resist 72 in which it cut deeply on the 
process which forms cascade screen 16' which has oxidizing-zone 15a, and the underside which 
counters on said cascade screen 16' at said cascade screen 16', and Sections 72a and 72a were 
formed. The process which leaves said a part of antiferromagnetism layer 11, removes the part which 
is not covered with said lift-off resist 72, and forms the layered product 16 of abbreviation 
trapezoidal shape, The process which forms the hard bias layers 17 and 17 in the both sides of said 
layered product 16 so that it may be arranged in the same hierarchy location as said free magnetic 
layer 14, It has the process which forms the electrode layers 18 and 18 on said layered product 16 
corresponding to said hard bias layer 17 and 17 top and the slitting sections 72a and 72a of said lift- 
off resist 72. 

[0088] When it fiirthermore explains to a detail, as shown in drawing 2 , on a substrate 10 first 
Substrate layer 10a, 1st fixed magnetic layer 12A to which it is formed in in contact with the 
antiferromagnetism layer 1 1 and this antiferromagnetism layer 11, and the magnetization direction is 
fixed by the switched connection field with said antiferromagnetism layer 11, Nonmagnetic 
interlayer 12B and 2nd fixed magnetic layer 12C by which the magnetization direction was arranged 
with the magnetization direction of said 1st fixed magnetic layer 12A, and anti-parallel, The free 
magnetic layer 14 with which it should be formed in said 2nd fixed magnetic layer 12C through the 
nonmagnetic conductive layer 13, and the magnetization direction should be arranged in the 
magnetization direction of said 2nd fixed magnetic layer 12C, and the crossing direction. Cascade 
screen 16' which has the BAKKUDO layer Bl which consists of a nonmagnetic electrical 
conducting material, a protective layer 15, and oxidizing-zone 15a is formed. At this time, it is 
desirable to consider as the range of 0.2-0.5 micrometers, the die length, i.e., component height Hg, 
which extends perpendicularly toward the direction of the interior from an opposed face with the 
magnetic-recording medium of layered product 16*. 

[0089] Next, the width method of the sensibility field S and an insensible field N is determined by 
the micro truck profile method using another thin film magnetic head [ finishing / creation / 
already ]. And the lift-off resist 72 is formed on cascade screen 16', taking into consideration the 
width method of the insensible field N known beforehand. 

[0090] As shown in drawing 2 , plane view of this lift-off resist 72 is carried out by the width 
method Rl of the truck cross direction (XI in drav^ng direction), it is prepared so that cascade 
screen 16* may be covered, and the slitting sections 72a and 72a are formed in that underside. These 
slitting sections 72a and 72a are formed on an insensible field N among cascade screen 16'. 
Moreover, the sensibility field S top has the width method R2 by said lift-off resist 72, and it is made 
to be in the condition of having been covered thoroughly, among cascade screen 16*. By this width 
method R2, the dimension of the width of recording track in the top face of the layered product 16 
formed in a next stroke is specified. 

[0091] Next, as shown in drawing 3 , by dry etching, such as ion milling, it leaves the both sides of 
cascade screen 16', a part of antiferromagnetism layer 1 1 bottom is deleted for them, and a layered 
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product 16 is formed. Then, as shown in drawing 4 , the bias substrate layers 17a and 17a, the hard 
bias layers 17 and 17, and an interlayer 19 are formed on both sides of said layered product 16. As 
for the electrode layer 18 performed in this operation gestalt at membrane formation of the hard bias 
layers 17 and 1 7, and a next process, and the spatter used in the case of membrane formation of 1 8, it 
is desirable that it is the spatter which combined the ion beam spatter method, the long slow spatter 
method, the coUimation spatter method, or them. 

[0092] As shown in drawing 4 , with this operation gestalt, the substrate 10 with which the layered 
product 16 was formed is put on an abbreviation perpendicular direction to the beam emitted from 
the target 74 formed by the presentation of the hard bias layers 17 and 17. Thereby, the hard bias 
layers 17 and 17 can be formed from an abbreviation perpendicular direction to said layered product 
16 by using for example, the ion beam spatter method. Therefore, in slitting section 72a of the lift-off 
resist 72 formed on the layered product 16, enter the hard bias layers 17 and 17 and they are not 
formed, in addition -- a lift off -- a resist -- 72 - a top -- bias -- a substtate -- a layer - 17 - a - hard 

- bias - a layer - 17 ~ an interlayer ~ 19 - being the same ~ a presentation ~ a layer - 17 ~ a - * - 

- 17 — • — 19 ~ • ~ respectively — forming — having . 

[0093] Next, to said layered product 16, the ion milling by Ar, a reverse spatter, etc. are performed, 
and said a part of layered product 16 front face [ / in slitting section 72a ] is removed from across 
like [ drawing 5 ]. Thereby, a part of oxidizing-zone 15a, protective layer 15, and BAKKUDO layer 
Bl are removed, and the electrode layer 18 forms the part in contact with the direct BAKKUDO 
layer Bl. 

[0094] Furthermore, as shown in drawing 6 , the electrode layer 18 is formed from across on the hard 
bias layer 17 to said layered product 16. Under the present circumstances, said electrode layer 18 is 
formed even in slitting section 72a of the lift-off resist 72 in which it was prepared on the layered 
product 16. Here, said electrode layer 18 is formed on the hard bias layer 17 by the ion beam spatter 
method, leaning aslant the target 76 formed by the presentation of the electrode layer 18 to the 
substrate 10 with which the layered product 16 was formed, and moving or rotating said target 76 on 
said substtate 10. 

[0095] At this time, it trespasses not only upon the hard bias ** 17 top but upon the interior of 
slitting section 72a of the resist layer 72 formed on the layered product 16, membranes are formed, 
and the electrode layer 18 by which a spatter is carried out from across forms overlay section 18a. ' 
That is, overlay section 18a of the electtode layer 18 formed in said slitting section 72a is formed by 
the wrap location in the insensible field of a layered product 16. As for the angle theta of overlay 
section 18a of the electrode layer 18, 18a front face, and layered product 16 front face to make, at 
this time, it is desirable to consider as the range of 45 - 70 degrees. 

[0096] In addition, although a substtate 10 is fixed and the target 76 is aslant moved or rotated to this 
substrate 10 in drawing 6 , a target 76 may be fixed, and a substtate 10 side may be moved or rotated 
in the direction of slant to said target 76. As for the include angle of the front face of a target 76, and 
a substrate 10 to make, i.e., the include angle which determines the direction of radiation of sputtered 
particles, at this time, it is desirable that 50 it is [ 20 - ] the range. By adjusting the include angle of 
the front face of the target 76 for spatters and a substrate 10 to make can prescribe this include angle, 
moreover ~ drawing 6 - being shown - as - a lift off - a resist - 72 — a top - a layer - 19 - ' — 
**** - an electtode - a layer - 18 being the same - a presentation - a layer 18 ~ • - forming - 

- having . 

[0097] And at the following process, a lift off removes the lift-off resist 72 shown in drawing 6 , 
using resist exfoliation liquid. By this, the spin bulb mold thin film magnetic cell shown in drawing 1 
is completed. 

[0098] With this operation gestalt, it can be set as 0.03 micrometers - 0.10 micrometers by cutting 
the truck cross direction linear dimension of overlay section 18a in the electrode layer 18 deeply by 
the width method Rl and the width method R2 of the truck cross direction of the lift-off resist 72, 
and setting up the truck cross direction dimension of section 72a. 

[0099] Here, when the truck cross direction dimension of this overlay section 72a is set up smaller 
than 0.03 micrometers, since sufficient effectiveness in which overlay section 18a was formed 
cannot be acquired, it is not desirable. Moreover, when the truck cross direction dimension of 
overlay section 18a is set as 0.10 micrometers or more, it is necessary to make it counter in the 
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condition of having made the include angle of targets 74 and 76 and a substrate 10 inclining greatly, 
and to carry out spatter membrane formation of the electrode layer 18. In this case, it becomes easy' 
to generate inconvenience, like the angle theta of the overlay section 18a of the electrode layer 18, 
18a front face, and layered product 16 front face it becomes impossible to form the electrode layer 
18 which has sufficient thickness even for the interior of slitting section 72a to make becomes 
smaller than 45 degrees. If this inconvenience occurs, since it will become impossible to disregard 
the sense current which carries out a diversion of river to the layered product 16 (GMR film) located 
in the overiay section 18a bottom of the electrode layer 18 and nonconformities, such as side leading 
will be produced, it is not desirable. 

[0100] According to the manufacture approach of the spin bulb mold thin film magnetic cell in this 
operation gestalt, the photograph lift-off resist 72 can be formed in the configuration of the request 
of a layered product 16, the hard bias layer 17, and the electrode layer 18 only by only forming once, 
or [ and / not making the include angle of targets 74 and 76 and a substrate 10 incline ] - or by the 
spatter which chose making it counter in the condition of having made it inclining, since the hard 
bias layer 17 and the elecfrode layer 18 are formed in a desired configuration, the above-mentioned 
spm bulb mold thin fihn magnetic cell can be easily obtained in the condition with few routing 
counters. 

[0101] Since such a spin bulb mold thin fihn magnetic cell has the elecfrode layer 18 equipped with 
the overlay sections 18a and 18a which extend on the front face of a layered product 16 towards a 
part for a center section from the both sides of a layered product 16, a part for the center section of a 
layered product 16 is made into a sensibiUty field, and since the both-sides part of the layered 
product 16 located in the overiay sectionsa [ 18 ] and 18a bottom is made into an insensible field, it 
can make width of face of a sensibility field the width of recording frack. Therefore, the width of 
recording frack can be narrowed and it becomes possible to correspond to narrow track-ization 
aiming at the densification of recording density. 

[0102] And this spin bulb mold thin film magnetic cell The die length which extends perpendicularly 
toward the direction of the interior from an opposed face with the magnetic-recording medium of the 
electrode layers 18 and 18 HI, When Hg and the sheet resistance of said layered product are set to 
Rsg, the die length, i.e., the component height, which extends the sheet resistance of the elecfrode 
layers 18 and 18 perpendicularly toward the direction of the interior from an opposed face with Rsl 
and the magnetic-recording medium of a layered product 16, Since it has the relation shown by 
(Rsl/Hl)/(Rsg/Hg)<=0.02 The resistance to the sense current which flows in from the overiay 
sections 18a and 18a can be reduced, and the diversion of river of the sense current which flows in 
via the hard bias layer 17 can be lessened. Consequently, since the sense current which flows to the 
insensible field N in which it is located under the overiay sections 18a and 18a of a layered product 
decreases and electrical-potential-difference change in an insensible field N stops being discovered 
it becomes possible to prevent side leading of a spin bulb mold thin fihn magnetic cell. Moreover ' 
since the diversion of river of a sense current can be lessened and a sense current can be cenfraUzed 
on the sensibility field S located in a part for the center section of a layered product 16, it becomes 
possible for the electrical-potential-difference change in the sensibility field S to improve, and to 
raise the output characteristics of a spin bulb mold thin fihn magnetic cell. 

[0103] Furthermore, since this spin bulb mold thin film magnetic cell has the relation indicated to be 
said HI. said Rsl, and said Hg by (Rsl/Hl)/(Rsgmg)<=0.01 in relation with said Rsg, it can reduce 
further the resistance to the sense current which flows in from the overlay sections 18a and 18a and 
can lessen fiirther the diversion of river of the sense current which flows in via the hard bias layer 1 7. 

[0104] This spin bulb mold thin film magnetic cell the die length which extends perpendicularly 
toward the direction of the interior from an opposed face with the magnetic-recording medium of the 
electrode layers 18 and 18 Moreover, HI, the die length, i.e., component height Hg, which extends 
the sheet resistance of the electrode layers 18 and 18 perpendicularly toward the direction of the 
intenor from an opposed face with Rsl and the magnetic-recording medium of a layered product 16 
the range of 0.2-0.5 micrometers, Since it has the relation shown by resistance (Rsl/Hl) 
<-lohm/micrometer per unit length of 18Xelecfrode layer 1 direction when Rsg is made into the 
range of 15-25ohms / ** for the sheet resistance of a layered product 16 The resistance to the sense 

http://www4.ipdl.ncipi.go.jp/cgi-bin/fran_web_cgi_ejje 1 1/20/2006 



JP,2002-076472,A [DETAILED DESCRIPTION] 



Page 18 of 36 



current which flows in from the overlay sections 18a and 18a can be reduced, and the diversion of 
river of the sense current which flows in via the hard bias layer 17 can be lessened. 
[0105] Furthermore, this spin bulb mold thin film magnetic cell Since it has the relation shown by 
<=(Rsl/Hl) 0.5ohm/micrometer in the relation between said HI and said Rsl when said Hg is made 
into the range of 0.2-0.5 micrometers and said Rsg is made into the range of 15-25ohms / ** The 
resistance to the sense current which flows in from the overlay sections 18a and 18a can be reduced 
further, and the diversion of river of the sense current which flows in via the hard bias layer 17 can 
be lessened further. 

[0106] Furthermore, in this spin bulb mold thin fihn magnetic cell, since the angle of said overlay 
section 18a of an electrode layer, 18a front face, and layered product 16 front face to make is made 
into the range of 45 - 70 degrees, it can reduce fiirther the resistance to the sense current which flows 
in from the overlay sections 18a and 18a, and can lessen further the diversion of river of the sense 
current which flows in via the hard bias layer 17. 

[0107] As mentioned above, this spin bulb mold thin film magnetic cell can become what has the 
few diversion of river of the sense current which flows in via the hard bias layer 17, and side leading 
of a spin bulb mold thin film magnetic cell can be prevented much more effectively. Moreover, it 
becomes possible to improve fiirther and to raise fiirther the output characteristics of a spin bulb 
mold thin film magnetic cell of the sensibility and electrical-potential-difference change to the 
minute extemal magnetic field in the sensibility field S. 

[0108] Hereafl:er, the 2nd operation gestalt of this invention is explained based on a drawing. 
[2nd operation gestalt] drawing 10 is the sectional view having shown the structure at the time of 
seeing the spin bulb mold thin fihn magnetic cell of the 2nd operation gestalt of this invention from 
an opposed face side with a record medium. As shown in drawing 10 , also in the spin bulb mold thin 
film of the 2nd operation gestalt of this invention, it considers as the synthetic ferry PINDO mold 
(synthetic-ferri-pinned spin-valves) of a bottom product mold (Bottomtype) like the spin bulb mold 
thin film magnetic cell of the 1st operation gestalt. The places where the spin bulb mold thin film of 
the 2nd operation gestalt shown in drawing 10 differs from the 1st operation gestalt shown in 
drawing 1 are a point about the free magnetic layer used as the synthetic ferry free mold (synthetic- 
ferri-free spin- valves), and the point of having changed mto the BAKKUDO layer and having 
prepared the specular reflection layer as a mean-free-path extension layer. 
[0109] In drawing 10 , the sign 40 shows the substrate. Substrate layer 40a is prepared on this 
substrate 40, the antiferromagnetism layer 41 is formed on substrate layer 40a, and the fixed 
magnetic layers 42 A, 42B, and 42C are further formed on the antiferromagnetism layer 41. These 
fixed magnetic layers 42 A, 42B, and 42C are formed through nonmagnetic interlayer 42B on 1st 
fixed magnetic layer 42 A and said 1st fixed magnetic layer 42 A, and consist of the 2nd fixed 
magnetic layer 42C by which the magnetization direction was arranged with the magnetization 
direction of said 1st fixed magnetic layer 42 A, and anti-parallel. 

[01 10] On this 2nd fixed magnetic layer 42C, the nonmagnetic conductive layer 43 which consists of 
Cu (copper) etc. is formed, and the free magnetic layer 44 is further formed on said nonmagnetic 
conductive layer 43. The 2nd and 1st free magnetic layers 44A and 44C are divided by two through 
nonmagnetic interlayer 44B, and this free magnetic layer 44 is formed. The 1st and 2nd free 
magnetic layers 44C and 44A are made into the ferrimagnetism condition that 180 degrees of sense 
of magnetization differ. The specular reflection layer SI is formed on said 1st free magnetic layer 
44C, the protective layer 45 formed by Ta etc. is formed on said specular reflection layer SI, and this 
protective layer upside is set to oxidizing-zone 45a which consists of tantalum oxide (Ta-Oxide). As 
shown in drawin g 10 , the layered product 46 which has the cross-section configuration of 
abbreviation trapezoidal shape is constituted by each class from a part of antiferromagnetism layer 
41 to oxidizing-zone 45 a. 

[0111] Moreover, in signs 47 and 47, a hard bias layer, and 48 and 48 show an electrode layer, and 
49 shows the interlayer. These hard bias layers 47 and 47 are formed through bias substrate layer 47a 
on the antiferromagnetism layer 41 jutted out over the both-sides location of a layered product 46. 
On this hard bias layer 47 and 47, the electrode layers 48 and 48 are formed through the interlayer 49 
who consists of Ta. 

[01 12] Substrate layer 40a, the antiferromagnetism layer 41, fixed magnetic layer 42of 1st A, 
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nonmagnetic interlayer 42B, 2nd fixed magnetic layer 42C, the nonmagnetic conductive layer 43, a 
protective layer 45, a layered product 46, the hard bias layer 47, the electrode layer 48, overlay 
section 48a, and an interlayer 49 here, respectively Substrate layer 10a in the 1st operation gestalt 
shown in drawing 1 thru/or drawing 6 , The antiferromagnetism layer 11, fixed magnetic layer 12of 
** 1st A, nonmagnetic interlayer 12B, 2nd fixed magnetic layer 12C, the nonmagnetic conductive 
layer 13, the free magnetic layer 14, a protective layer 15, a layered product 16, the hard bias layer 
17, the electrode layer 18, overlay section 18a, and an interlayer 19 are supported. 
[01 13] the - the [ 2 free magnetic layer 44A and ] - 1 free magnetic layer 44C consists of the same 
construction material as the free magnetic layer 14 of the 1st operation gestalt etc., and is concretely 
formed with a NiFe alloy, a CoFe alloy, or a CoNiFe alloy. Moreover, as for nonmagnetic interlayer 
44B, it is desirable to be formed with one sort or two sorts or more of alloys among Ru, Rh, Ir, Cr, 
Re, and Cu. 

[01 14] Moreover, 1st free magnetic layer 44C and 2nd free magnetic layer 44A can also be formed 
by two-layer, respectively, the - the [ 1 free magnetic layer 44C and ] - it is good for the side which 
touches nonmagnetic interlayer 44B of 2 free magnetic layer 44A, and the specular reflection layer 
SI also as that in which Co layer is formed, respectively. Thereby, while being able to strengthen 
anti-parallel association between the 1st and 2nd free magnetic layers, diffusion with nonmagnetic 
interlayer 44B and the specular reflection layer SI can be prevented. Moreover, resistance rate of 
change can be enlarged by forming Co layer in the side which touches the nonmagnetic conductive 
layer 43. 

[0115] In the free magnetic layer 44, the magnetization direction of 2nd free magnetic layer 44A is 
fixed in the graphic display XI direction by the magnetic flux of the hard bias layer 47, and the 
magnetization direction of 1st free magnetic layer 44C is being fixed to graphic display XI direction 
and the opposite direction, the ~ 1 free magnetic layer 44C - a switched connection field (RKKY 
interaction) the - it is magnetically combmed with 2 free magnetic layer 44A, and is in the 
condition that the opposite direction of graphic display XI direction was magnetized. In response to 
the effect of an extemal magnetic field, the revolution of magnetization of 2nd free magnetic layer 
44A and 1st free magnetic layer 44B is enabled, maintaining a ferry condition. 
[0116] the [ moreover, ] - the [ 2 free magnetic layer 44A and ] - the thickness of 1 free magnetic 
layer 44C differs, and is formed having - the - the thickness of 2 free magnetic layer 44A - the - 
it considers as size rather than the thickness of 1 free magnetic layer 44C. For this reason, as for the 
magnetic moment expressed with the product of the magnitude of magnetization, and the thickness 
of a layer, the direction of 2nd free magnetic layer 44A is large. Therefore, it is in the condition that 
magnetization was arranged in the direction of the synthetic moment of each magnetic moment of 
2nd free magnetic layer 44A and 1st free magnetic layer 44C, i.e., the graphic display XI direction, 
as the whole free magnetic layer. For this reason, rather than the case of the free magnetic layer of a 
monolayer, thickness of 2nd free magnetic layer 44 A which contributes to GMR can be thickened, 
degradation of the output characteristics by thickness becoming thin can be prevented, and the 
synthetic magnetic moment of the whole free magnetic layer can be made small. Therefore, it can 
improve [ improving the magnetization direction revolution reactivity over the extemal magnetic 
field impressed, and increasing the resistance rate of change in a low magnetic field, i.e., the 
sensibility to a magnetic field, and ]. 

[01 17] Moreover, in this operation gestah, the specular reflection layer SI is formed on said 2nd free 
magnetic layer 44C as a mean free path extension layer. If it can be set as the range of 5-500A and 
the thickness of this specular reflection layer SI is set as a value thinner than 5 A, since the 
effectiveness of specular reflection will not be acquired enough, the thickness of this specular 
reflection layer SI is not desirable. Moreover, if the thickness of this specular reflection layer SI is 
set as a value thicker than 500A, since shielding spacing which is a playback gap becomes large too 
much and the resolution of a head falls, it is not desirable. 

[0118] By setting up, thus, the specular reflection layer SI A potential barrier is formed in near the 
interface of the free magnetic layer 44 and the specular reflection layer SI. The conduction electron 
of rise spin which moves the free magnetic layer 44 can be reflected saving the condition of spin in 
near the interface of the free magnetic layer 44 and the specular reflection layer SI. The so-called 
specular reflection effectiveness is shown so that the mean free path of the conduction electron of 
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rise spin may be extended further and may be mentioned later. 

[01 19] In order to reflect conduction electron here, with the condition of spin saved, as for forming 
[ 44 ] a potential barrier by the interface of the free magnetic layer 44 and the specular reflection 
layer SI, i.e., a free magnetic layer, it is effective that the specular reflection layer SI is an insulator 
electrically to being a good conductor. 

[0120] As an insulating material which fulfills such conditions, alpha-Fe 203, NiO and CoO, Co-Fe- 
O, Co-Fe-nickel-O, aluminum 203, aluminum-Q-O (more than a kind as which Q is chosen from B, 
Si, N, Ti, V, Cr, Mn, Fe, Co, and nickel here). Oxide fihns, such as R-O (one or more sorts as which 
R is chosen from Ti, V, Cr, Zr, Mb, Mo, Hf, Ta, and W here), aluminum-N, aluminum-Q-N (more 
than a kind as which Q is chosen from B, Si, O, Ti, V, Cr, Mn, Fe, Co, and nickel here). Nitrides, 
such as R-N (one or more sorts as which R is chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W 
here), etc. can be mentioned, and such an insulating material can constitute the specular reflection 
layer SI. 

[0121] Moreover, in this operation gestalt, the mean free path (mean free path) in the electron of + 
spin (upward spin: up spin) contributed to a magneto-resistive effect by the specular reflection layer 
SI shall be lengthened, big **R/R (resistance rate of change) shall be obtained in a spin bulb mold 
thin film magnetic cell according to the so-called specular reflection effectiveness (specular 
reflecyion effect), and it shall respond to high density record-ization. 

[0122] Hereafter, the specular reflection effectiveness (specular reflecyion effect) is explained. 
Drawing 1 1 is a type explanatory view for explaining the contribution to the specular reflection 
effectiveness by the specular reflection layer in a spin bulb mold thin fihn magnetic cell. Drawing 1 1 
(a) is the sectional view showing the example of a spin bulb mold thin fihn magnetic cell without a 
specular reflection layer, and drawing 1 1 (b) is the sectional view showing the example of the spin 
bulb mold thin film magnetic cell in this operation gestalt. What is necessary is to consider only the 
behavior of the conduction electron of + spin (rise spin) specified by the fixed magnetization 
direction of 2nd fixed magnetic layer 42C in the OMR effectiveness, as mentioned above in 
explanation of the spin filter effectiveness. 

[0123] In the condition that an extemal magnetic field is not impressed, as shown in drawing 1 1 (a) 
and (b), even the free magnetic layer 44 is reached from the nonmagnetic conductive layer 43. And it 
moves in the free magnetic layer 44 interior (passing 2nd free magnetic layer 44C and nonmagnetic 
interiayer 44B and 1st free magnetic layer 44 A in order in this operation gestalt), and reaches near 
the interface of the free magnetic layer 44 and the specular reflection layer SI. As shown in drawing 
11 (a), when there is no specular reflection layer, + spin electron will move in the inside of the free 
magnetic layer 44, and will be scattered about on the top face. For this reason, a mean free path is 
lambda-f shovm in drawing 1 1 (a). It has become. On the other hand, since the potential barrier is 
formed near the interface of the free magnetic layer 44 and the specular reflection layer SI when 
there is a specular reflection layer SI as shown in drawing 1 1 (b), + spin electron carries out specular 
reflection (mirror plane dispersion) near the interface of the free magnetic layer 44 and the specular 
reflection layer SI. 

[0124] Usually, when conduction electron is scattered about, the spin states (energy, quantum state, 
etc.) which the electron has change. However, when mirror plane dispersion is carried out, this + 
spin electron will have the high probability reflected while spin states, such as energy and'a quantum 
state, had been saved, and it will move again in the inside of the free magnetic layer 44. That is, 
without a spin state changing depending on specular reflection, conduction electron will move in the 
inside of the free magnetic layer 44, as not scattered about. As this shows + spin electron to drawing 
11 (b), only the part which carried out specular reflection, and reflective mean free path lambda+S 
mean that the mean free path was prolonged. 

[0125] Thus, when + spin electron formed the specular reflection layer SI, a mean free path will be 
prolonged and a mean free path is substantially prolonged by only reflective mean free path 
iambda+S. Therefore, by forming the specular reflection layer SI, it will have comparatively low 
resistance (namely, long mean free path), and the resistance as a spin bulb mold thin film magnetic 
cell decreases. 

[0126] Since the magnetization direction of this magnetic material differs from the sense of spin on 
the other hand when the magnetization direction of the free magnetic layer 44 is rotated by 
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impressing an external magnetic field, + Spin electrons are scattered about in the free magnetic layer 
44, i.e., according to the magnetization direction of the free magnetic layer 44, the probability to 
have a mean free path with + spin electron equivalent to - spin electron (conduction electron of down 
spin) will increase, and an effective mean free path decreases rapidly. That is, resistance increases 
rapidly. Thus, by the existence of the external magnetic field impressed, the resistance as a spin bulb 
mold thin film magnetic cell can change, and the GMR effectiveness can be observed. 
[0127] Thus, since the spin bulb mold thin film magnetic cell of this operation gestalt possesses the 
specular reflection layer SI, can make the specular reflection effectiveness able to discover and can 
extend substantially the mean free path of the conduction electron of rise spin, a mean free path 
difference with the conduction electron of dovra spin becomes large, and can improve substantially 
the magnetic-reluctance rate of change of a spin bulb mold thin fihn magnetic cell. Moreover, 
although some conduction electron of rise spin will be scattered about by nonmagnetic interlayer 
44B and 1st free magnetic layer 44C, validity can also be made to discover the specular reflection 
effectiveness more with this operation gestalt by making a free magnetic layer into the same 
monolayer structure as the 1st operation gestalt. 

[0128] This spin bulb mold thin film magnetic cell in addition, on the antiferromagnetism layer 41 
1st fixed magnetic layer 42A, non-magnetic layer 42B, 2nd fixed magnetic layer 42C, the 
nonma^etic conductive layer 43, 2nd free magnetic layer 44A, It is manufactured like the spin bulb 
mold thin film magnetic cell of the 1st operation gestalt except the laminating of nonmagnetic 
interlayer 44B, 1st free magnetic layer 44C, the specular reflection layer SI, and the protective layer 
45 being carried out one by one, and a layered product 46 being formed. 

[0129] According to the spin bulb mold thin film magnetic cell of this operation gestalt, in addition 
to the same effectiveness as the spin bulb mold thin fihn magnetic cell in the 1st operation gestalt 
shown in drawing 1 , the following effectiveness is acquired. That is, since it considers as the 
synthetic ferry free mold (synthetic-ferri-free spin- valves), while magnetization of a free magnetic 
layer rotates with sufficient sensibility in a low magnetic field, it becomes possible to acquire big 
resistance rate of change (deltaR/R). Moreover, nonmagnetic interlayer 44B and 1st free magnetic 
layer 44C are the sense current field [ in / since the center position where the sense current J flows is 
moved to a free magnetic layer side like the case where the BAKKUDO layer Bl explained based on 
drawin g 9 in the 1st operation gestalt is fonned / a free magnetic layer ] HJ. The effectiveness to 
weaken can be acquired. 

[0130] Moreover, since specular reflection of the conduction electron of rise spin is carried out near 
the interface of the free magnetic layer 44 and the specular reflection layer SI, it can extend the 
average free process of the conduction electron of rise spin. For this reason, it becomes possible to 
make the so-called specular reflection effectiveness discover, the stroke difference of the mean free 
path in the conduction electron depending on spin becomes large, and magnetic-reluctance rate of 
change can be made high. Therefore, improvement in the sensibility of the external magnetic field by 
the synthetic ferry free layer (free magnetic layer 44) and improvement in the magnetic-reluctance 
rate of change by the specular reflection effectiveness of the specular reflection layer SI can be 
demonstrated simultaneously. 

[0131] Hereafter, the 3rd operation gestah of this invention is explained based on a drawing. 
[3rd operation gestalt] drawing 12 is the sectional view having shown the structure at the time of 
seeing the spin bulb mold thin fihn of the 3rd operation gestalt of this invention from an opposed 
face side with a record medium. As shown in drawing 12 , the spin bulb mold thin film magnetic cell 
1 of the 3rd operation gestalt of this invention is the so-called dual spin bulb mold thin film magnetic 
cell by which the laminating of a nonmagnetic conductive layer, a fixed magnetic layer, and every 
one layer of the antiferromagnetism layers was carried out to the thickness direction both sides the 
core [ a free magnetic layer ]. Since 2 sets of combination of three layers of a free magnetic layer / 
nonmagnetic conductive layer / fixed magnetic layer exists, as compared with the single spin bulb 
thm film magnetic cell whose combination of three layers of a free magnetic layer / nonmagnetic 
conductive layer / fixed magnetic layer is 1 set, a dual spin bulb mold thin fihn magnetic cell can 
expect big resistance rate of change, and can respond to high density record. Moreover, as for this 
spin bulb mold thin film magnetic cell, the hard bias layer is prepared as a bias layer. 
[0132] This spin bulb mold thin film magnetic cell 1 on a substrate 30 The 2nd nonmagnetic 
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conductive layer (nonmaj^etic conductive layer with a narrow-width part) 8 and the 2nd fixed 
magnetic layer (narrow-width fixed magnetic layer) 9 which consist of the 1st nonmagnetic 
conductive layer 6 and the fi-ee magnetic layer 7 which consist of the substrate layer 3 which consists 
of Ta etc., the 1st antiferromagnetism layer 4, the 1st fixed magnetic layer 5, Cu, etc., Cu, etc., the 
2nd antiferromagnetism layer The layered product 38 in which the lammating of the protective layer 
36 which consists of 35, Ta, etc. was carried out one by one, and it was formed, (Narrow-width 
antiferromagnetism layer) The hard bias layers 32 and 32 of a couple which consist of a CoPt alloy 
which is formed in the both sides of this layered product 38, and arranges magnetization of the fi-ee 
magnetic layer 7, The lead layers (electrode layer) 34 and 34 of a couple which consist of Cu, Au, 
Ta, Cr, W, etc. which are formed on this bias layer 32 and 32, and give a detection cxurent to a 
layered product 38 are constituted as a subject. 

[0133] And it is desirable to consider as the range of 0.2-0.5 micrometers, the die length, i.e., 
component height Hg, which extends perpendicularly toward the direction of the interior fi-om an 
opposed face with the magnetic-recording medium in the layered product 38 shown in drawing 12 . 
Moreover, as for the sheet resistance Rsg of a layered product 16, it is desirable to consider as the 
range of 15-25ohms / **. 

[0134] The laminating of 1st diffusion prevention layer 7a which consists of Co etc., and the 2nd 
diffusion prevention layer 7c set to ferromagnetic freedom layer 7b which consists of a NiFe alloy 
from Co etc. is carried out, and the free magnetic layer 7 is constituted. The 1st and 2nd diffusion 
prevention layers 7a and 7c prevent counter diffusion with the adjoining 1st and 2nd nonmagnetic 
conductive layers 6 and 8. The thickness of the range of 0.3-1. Onm and ferromagnetic free layer 7b 
has [ the thickness of the 1st and 2nd diffusion prevention layers 7a and 7c ] the desirable range of 1- 
3nm. The magnetization direction of this free magnetic layer 7 is arranged in the graphic display XI 
direction by the bias field of the hard bias layers 32 and 32. By carrying out such and single-domain- 
izing the free magnetic layer 7, the Barkhausen noise of the spin bulb mold thin film magnetic cell 1 
can be reduced. 

[0135] The laminating of 1st strong magnetic pinned layer 5a, 1st nonmagnetic interlay er 5b, and the 
2nd strong magnetic pinned layer 5c is carried out, and the 1st fixed magnetic layer 5 is constituted. 
Let thickness of 2nd strong magnetic pinned layer 5c be size from the thickness of 1st strong 
magnetic pinned layer 5a. The magnetization direction of 1st strong magnetic pinned layer 5a is 
being fixed in the direction of graphic display Y by the switched connection field with the 1st 
antiferromagnetism layer 4. Moreover, 2nd strong magnetic pinned layer 5c is combined with 1st 
strong magnetic pinned layer 5a in antiferromagnetism, and the magnetization direction is being 
fixed to the opposite direction of the direction of graphic display Y. 

[0136] Thus, although the magnetic moment of each layer has the relation negated mutually since the 
magnetization direction of the 1st and 2nd strong magnetic pinned layer 5a and 5c is mutually 
considered as anti-parallel Since 2nd strong magnetic pinned layer 5c is formed more thickly than 
1st strong magnetic pinned layer 5a, magnetization (magnetic moment) of 2nd strong magnetic 
pinned layer 5c remains slightly, and, thereby, the magnetization direction of the net of the 1st fixed 
magnetic layer 5 whole is fixed to the opposite direction of the direction of graphic display Y. In 
addition, it is better than the thickness of 1st strong magnetic pinned layer 5a also as smallness in the 
thickness of 2nd strong magnetic pinned layer 5c. 

[0137] The laminating of 3rd strong magnetic pinned layer 9a, 2nd nonmagnetic interlayer 9b, and 
the 4th strong magnetic pinned layer 9c is carried out, and the 2nd fixed magnetic layer 9 is 
constituted. Let thickness of 3rd strong magnetic pinned layer 9a be size from the thickness of 4th 
strong magnetic pinned layer 9c. The magnetization direction of 4th strong magnetic pinned layer 9c 
is being fixed in the direction of graphic display Y by the switched connection field with the 2nd 
antiferromagnetism layer 35. Moreover, 3rd strong magnetic pinned layer 9a is combined with 4th 
strong magnetic pinned layer 9c in antiferromagnetism, and the magnetization direction is being 
fixed to the opposite direction of the direction of graphic display Y. 

[0138] Thus, although each magnetic moment of the 3rd and 4th strong magnetic pinned layer 9a 
and 9c as well as the case of the 1st fixed magnetic layer 5 has the relation negated mutually, since 
3rd strong magnetic pinned layer 9a is formed more thickly than 4th strong magnetic pinned layer 
9c, magnetization (magnetic moment) of 3rd strong magnetic pinned layer 9a remains slightly, and 
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the magnetization direction of the net of the 2nd fixed magnetic layer 9 whole is fixed to the opposite 
direction of the direction of graphic display Y. In addition, it is better than the thickness of 4th strong 
magnetic pinned layer 9c also as smallness in the thickness of 3rd strong magnetic pinned layer 9a. 
[0139] Thus, the 1st - the 4th strong magnetic pinned layer 5a, 5c, 9a, and 9c join together 
respectively in antiferromagnetism, and magnetization of the 2nd and 3rd strong magnetic pinned 
layer 5c and 9a remains, respectively, and the 1st and 2nd fixed magnetic layers 5 and 9 turn into a 
layer which shows an artificial ferrimagnetism condition (synthetic ferri pirmed; synthesizer 
FIKKUFERIPIN). Moreover, it becomes the relation which the magnetization direction of the fi-ee 
magnetic layer 7 and the magnetization direction of the 1st and 2nd fixed magnetic layers 5 and 9 
intersect. 

[0140] Moreover, as for the 1st - the 4th strong magnetic pinned layer 5 a, 5c, 9a, and 9c, it is 
desirable for it to be formed with a NiFe alloy, Co, a CoNiFe alloy, a CoFe alloy, a CoNi alloy, etc., 
and to be formed especially fi-om Co. Moreover, as for the 1st - the 4th strong magnetic pinned layer 
5a, 5c, 9a, and 9c, being formed with the same ingredient is desirable. Moreover, as for the 1st and 
2nd nonmagnetic interlayers 5b and 9b, it is desirable to consist of one sort or these alloys of Ru, Rh, 
Ir, Cr, Re, and the Cu(s), and being formed especially of Ru is desirable. The thickness of the 1st and 
4th strong magnetic pinned layer 5a and 9c has the desirable range of l-2nm, and the thickness of the 
2nd and 3rd strong magnetic pinned layer 5c and 9a has the desirable range of 2-3nm. Moreover, the 
1 St and 2nd nonmagnetic interlayers' 5b and 9b thickness has the desirable range of 0.7-0.9nm. 
[0141] In addition, although the 1st and 2nd fixed magnetic layers 5 and 9 are constituted by two 
ferromagnetic layers (the 1st - the 4th strong magnetic pinned layer 5a, 5c, 9a, and 9c), respectively, 
they may not be restricted to this but may be constituted by two or more ferromagnetic layers. In this 
case, while a nonmagnetic interlayer is inserted between the ferromagnetic layers of these, 
respectively, it is desirable that each magnetization direction of adjoining ferromagnetic layers is 
considered as anti-parallel, and the whole is made into a ferrimagnetism condition. 
[0142] Thus, since the 1st and 2nd fixed magnetic layers 5 and 9 are the so-called layers of an 
artificial ferrimagnetism condition (synthetic ferripinned; synthesizer FIKKUFERIPIN), the 
magnetization direction of the 1st and 2nd fixed magnetic layers 5 and 9 can be fixed firmly, and the 
1 st and 2nd fixed magnetic layers 5 and 9 can be stabilized. 

[0143] While making small magnetic association with the firee magnetic layer 7 and the 1st and 2nd 
fixed magnetic layers 5 and 9, a sense current is the layer which mainly flows, as for tiie 1st and 2nd 
nonmagnetic conductive layers 6 and 8, it is desirable to be formed firom the non-magnetic material 
which has the conductivity represented by Cu, Cr, Au, Ag, etc., and being formed especially fi-om Cu 
IS desirable. As for the thickness of the 1st and 2nd nonmagnetic conductive layers 6 and 8, it is 
desirable to consider as the range of 2-2.5nm, respectively. 

[0144] As for the 1st and 2nd antiferromagnetism layers 4 and 35, being formed with the PtiVln alloy 
is desirable. Compared with a NiMn alloy, a FeMn alloy, etc. which are used as an 
antiferromagnetism layer firom the former, it excels in corrosion resistance, and moreover, a PtMn 
alloy has high blocking temperature and its switched connection field is also large. Moreover, the 1st 
and 2nd antiferromagnetism layers 4 and 35 are a X-Mn alloy and an X'-Pt-Mn alloy (however, it 
sets to said empirical formula). X shows one sort chosen fi-om Pt, Pd, Ir, Rh, Ru, and Os, and X' may 
be formed fi-om either which shows one sort chosen from Pd, Cr, Ru, nickel, Ir, Rh, Os, Au, Ag, Ne, 
Ar, Xe, and Kr, or two sorts or more. 

[0145] In tiie alloy shown by said PtMn alloy and the formula of said X-Mn, it is desirable for Pt or 
X to be the range of 37 - 63 atom %. It is the range of 44 - 57 atom % more preferably. In the alloy 
shown by tiie formula of X'-Pt-Mn, it is desirable for X'+Pt to be the range of 37 - 63 atom % fiirther 
again. It is the range of 44 - 57 atom % more preferably. As for the tiiickness of tiie 1st and 2nd 
antiferromagnetism layers 4 and 35, it is desirable to consider as tfie range of 8-1 Inm, respectively. 
[0146] The alloy of the proper presentation range described above as the 1 st and 2nd 
antiferromagnetism layers 4 and 35 is used, by heat-treating this among a magnetic field, the 1st and 
2nd antiferromagnetism layers 4 and 35 which generate a big switched connection field can be 
obtained, and the magnetization direction of the 1st and 2nd fixed magnetic layers 5 and 9 can be 
firmly fixed by this switched connection field. Especially, if it is a PtiVln alloy, it has a switched 
connection field exceeding 6.4x104 A/m, and flie blocking temperatiire which loses a switched 
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connection field can obtain 653K (380 degrees C) and the very high 1st and 2nd antiferromagnetism 
layers 4 and 35. 

[0147] Moreover, the 1st antiferromagnetism layer 4 is projected and formed in the graphic display 
XI direction both sides rather than the 1st fixed magnetic layer 5 or the fi-ee magnetic layer 7 And 
the laminating of the bias layers 32 and 32 and the lead layers 34 and 34 is carried out one by one on 
lobe 4a of this 1st antiferromagnetism layer 4, and 4a. And the laminating of the bias substrate layers 
31 and 31 which consist of Ta or Cr between the lobes 4a and 4a of the 1st antiferromagnetism layer 
4 and the bias layers 32 and 32 is carried out. For example, if the hard bias layers 32 and 32 are 
formed on the bias substrate layer 31 which consists of Cr which is non-magnetic metal and is body- 
centered cubic structure (bcc structure), and 31, the coercive force and the remanence ratio of the 
hard bias layers 32 and 32 can become large, and can increase a bias field required for single- 
domain-izing of the free magnetic layer 7. 

[0148] Moreover, between the hard bias layers 32 and 32 and the lead layers 34 and 34, the 
laminating of the interlayers 33 and 33 who consist of Ta or Cr is carried out. When Cr'is used as 
lead layers 34 and 34, by forming the middle class 33 and 33 of Ta, it can function as a diffusion 
barrier to thermal processes, such as resist hardening of an after process, and degradation of the 
magnetic properties of the bias layers 32 and 32 can be prevented. Moreover, when using Ta as lead 
layers 34 and 34, there is effectiveness which make the crystal of Ta deposited on Cr easier to make 
it into the body-centered cubic structure of low resistance by forming the interlayers 33 and 33 of Cr. 

[0149] Moreover, the notch of a couple is formed in the side which was located in the graphic 
display XI direction both sides of a layered product 38, and is separated from a substrate 30, and let 
this at it be the lead connections 37 and 37 of a couple. The lead connections 37 and 37 are formed in 
the graphic display XI direction both sides of the 2nd fixed magnetic layer 9 and the 2nd 
antiferromagnetism layer 35, and the XI direction both sides of a part of 2nd nonmagnetic 
conductive layer 8. As for the 2nd antiferromagnetism layer 35 and the 2nd fixed magnetic layer 9, 
width of face of the graphic display XI direction (truck cross direction) is made more nearly narrow- 
width than the width of face of the free magnetic layer 7. Moreover, width of face of the part by the 
side of the 2nd fixed magnetic layer 9 is made narrow- width among the 2nd nonmagnetic conductive 
layers 8 more nearly similarly than the width of face of the free magnetic layer 7. Moreover, it is 
supposed that the part by the side of the free magnetic layer 7 of the 2nd nonmagnetic conductive 
layer 8 is almost equivalent to the width of face of the free magnetic layer 7, and it has the lobes 8a 
and 8a which projected in the graphic display XI direction. 

[0150] The overlay sections 34a and 34a of the lead layers 34 and 34 are connected to these lead 
connections 37 and 37. The lead layers 34 and 34 extended hard bias layer 32 and 32 top towards the 
center of a layered product 38 from the XI direction both sides of a layered product 38, and were put 
on the graphic display XI direction ends of a layered product 38, and the overlay sections 34a and 
34a have connected them to the lead connections 37 and 37. Moreover, the overlay sections 34a and 
34a open spacing of Tw mutually in graphic display XI direction, and are arranged in the lead 
connections 37 and 37. This spacing Tw serves as the optical width of recording track Tw of the spin 
bulb mold thin film magnetic cell 1 . 

[0151] Therefore, in the lead connections 37 and 37, the lobes 8a and 8a of the 2nd nonmagnetic 
conductive layer 8 have extended in the graphic display XI direction, and, for this reason, the 
overlay sections 34a and 34a have joined to the lobes 8a and 8a of the 2nd nonmagnetic conductive 
layer 8 directly through the 2nd antiferromagnetism layer 35. Moreover, the overlay sections 34a and 
34a are estranged by Lobes 8a and 8a from the free magnetic layer 7. 

[0152] The width of face M of the graphic display XI direction of each lead connection 37 (truck 
cross direction) has the desirable range of 0.03-0.5 micrometers. If width of face M is this range the 
plane-of-composition product of the lead layer 34 and layered product 38 in the lead connection'37 
can be enlarged, the bond resistance which does not contribute to a magneto-resistive effect can be 
reduced, a sense current can be efficiently passed to a layered product 38, and improvement in 
reproducing characteristics can be aimed at. 

[0153] The lead connections 37 and 37 are used as a notch, and since it connects in the form where 
the lead layers 34 and 34 are inserted in this notch, the level difference of a layered product 38 and 
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the lead layers 34 and 34 can be made small. Thereby, gap width of face of the spin bulb mold thin 
film magnetic cell 1 can be made small. Moreover, when the laminating of the up insulating layer is 
carried out to the upper part of this spin bulb mold thin film magnetic cell 1, there is no possibility 
that a pinhole etc. may be generated in an up insulating layer, and the insulation of the spin bulb 
mold thin film magnetic cell 1 can be raised. 

[0154] The hard bias layers 32 and 32 of a couple which consist of a CoPt (cobalt platinum) alloy are 
formed in the graphic display XI direction both sides of a layered product 38, i.e., the width-of- 
recording-track Tw direction both sides. The hard bias layers 32 and 32 are located in the same 
hierarchy location as the free magnetic layer 7, and adjoin the free magnetic layer 7. Moreover, the 
top faces 32a and 32a of the hard bias layers 32 and 32 are joined to the layered product 38 rather 
than the lead connections 37 and 37 in the location by the side of a substrate 30. Moreover, 
interlayers 33 and 33 are formed between the hard bias layers 32 and 32 and the lead layers 34 and 
34, Interlayers 33 and 33 are in contact with Lobes 8a and 8a from the graphic display XI direction 
both sides of the 2nd nonmagnetic conductive layer 8. Therefore, only the lead layers 34 and 34 are 
connected to the lead connections 37 and 37. 

[0155] Moreover, the spin bulb mold thin film 1 of the structure shown in drawing 1 the die length, 
i.e., the component height, which extends the sheet resistance of H12 and the lead layers 34 and 34 ' 
perpendicularly toward the direction of the interior from an opposed face with Rsl2 and the 
magnetic-recording medium of a layered product 38 in the die length which extends perpendicularly 
toward the direction of the interior from an opposed face with the magnetic-recording medium of the 
lead layers 34 and 34 When Hg2 and the sheet resistance of said layered product are set to Rsg2, it 
has the relation shown by the following general formula. 

(Rsl2/H12) / (Rsg2/Hg2) <= - when 0.02 (Rsl2/H12)/ (Rsg2/Hg2) exceeds 0.02, since there is a 
possibility that the effectiveness which enlarges the ratio of the sense current which flows in from 
the overlay sections 34a and 34a of the lead layers 34 and 34 may fully be acquired no longer, and 
side leading may occur, it is not desirable. Moreover, as for said H12, said Rsl2, said Hg2, and the 
relation with said Rsg2, it is more desirable to have the relation shown by the following general 
formula. 

(Rsl2/H12) / (Rsg2/Hg2) <=0.01[0156] Moreover, the spin bulb mold thin fihn 1 of the structure 
shown in drawing 1 The lead layer 34, the die length 2, i.e., component height Hg, which extends the 
sheet resistance of H12 and the lead layers 34 and 34 perpendicularly toward the direction of the 
interior from an opposed face with Rsl2 and the magnetic-recording medium of a layered product 38 
in the die length which extends perpendicularly toward the direction of the interior from an opposed 
face with the magnetic-recording medium of 34 When Rsg2 is made into the range of 15-25ohms / 
** for the range of 0.2-0.5 micrometers, and the sheet resistance of a layered product 38, it has the 
relation shown by the following general formula. 

(Rsl2/H12) When <=1 ohm/micrometer (Rsl2/H12) exceeds micrometer in lohm /, since there is a 
possibility that the effectiveness which enlarges the ratio of the sense current which flows in from 
the overlay sections 34a and 34a of the lead layers 34 and 34 may fully be acquired no longer, and 
side leading may occur, it is not desirable. Moreover, when said Hg2 is made into the range of 0.2- 
0.5 micrometers and said Rsg2 is made into the range of 15-25ohms / ** in the relation between said 
H12 and said Rsl2, it is more desirable to have the relation shown by the following general formula. 
(Rsl2/H12) <=0.5ohm/micrometer[0157] Moreover, as for the angle theta 2 of overlay section 34a of 
the lead layers 34 and 34, 34a front face, and layered product 38 front face to make, it is desirable to 
consider as the range of 45 - 70 degrees. (Please indicate briefly the reason for making :include angle 
into 45 - 70 degrees to artificers.) Moreover, please check a written content. 

Since there is a possibility of generating side leading since the thickness of the point of the overlay 
sections 34a and 34a becomes thin, the sheet resistance Rsl2 of a point becomes large and the 
resistance to the sense current which flows in from the overlay sections 18a and 18a becomes large 
when this include angle theta 2 is smaller than 45 degrees, it is not desirable. On the other hand, 
since a possibility that the level difference on an electrode layer top face and the top face of a layered 
product may become steep too much, it may become difficult for the insulator layer used as the up 
gap formed by the top face of a spin bulb mold thin film magnetic cell to cover this level difference, 
and up shielding and a spin bulb mold thin fihn magnetic cell may short-circuit electrically when 
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said include angle theta 2 is larger than 70 degrees arises, it is not desirable. 
[0158] In this spin bulb mold thin film magnetic cell 1, the sense current J (arrow head J) is mainly 
impressed to a layered product 38 near the heads 34b and 34b of the overlay sections 34a and 34a. 
Therefore, what a sense current tends to flow to in a layered product 38 is the center of a layered 
product 38, and is a field where the overlay sections 34a and 34a are not put. In order that a sense 
current may concentrate on this field, the magnetic-reluctance (MR) effectiveness becomes large 
substantially, and the detection sensitivity of the leakage field of a magnetic-recording medium 
becomes high. Then, the field where the overlay sections 34a and 34a are not put is called the 
sensibility field S as shown in drawing 1 . On the other hand, in the field in which the overlay 
sections 34a and 34a are put, compared with the sensibility field S, a sense current becomes very 
small, the magnetic-reluctance (MR) effectiveness becomes small substantially by this, and the 
detection sensitivity of the leakage field of a magnetic-recording medium falls. Thus, the field where 
the overlay sections 34a and 34a were put is called an insensible field N. 

[0159] Thus, by making the lead connections 37 and 37 on the truck cross direction both ends of a 
layered product 38 put a part of lead layers 34 and 34 (overlay sections 34a and 34a) The part which 
contnbutes to playback of the record field fi-om a magnetic-recording medium substantially 
(sensibiUty field S), The part (insensible field N) which does not contribute to playback of the record 
field fi-om a magnetic-recording medium substantially is formed, the width of face of the sensibility 
field S turns into the magnetic width of recording track of the spin bulb mold thin fibn magnetic cell 
1, and it becomes possible to correspond to narrow track-ization. 

[0160] moreover, the overlay sections 34a and 34a - high ~ low [ which consists of Cu through tiie 
specific resistance 2nd antiferromagnetism layer 35 ] ~ since it has joined to lobe 8a of the specific 
resistance 2nd nonmagnetic conductive layer 8 directly, the component which flows to a layered 
product 38 through the lead connections 37 and 37 among sense currents can be enlarged, and, 
thereby, other diversion-of-river components can be reduced substantially. The diversion-of-ri'ver 
component which flows fi-om tiie 2nd antiferromagnetism layer 35 fi-om the lead layers 34 and 34 to 
the layered product 38 by the side of a substrate 30 through the hard bias layers 32 and 32 especially 
is reduced substantially, and the sense current which flows to an insensible field N by this becomes 
small. 

[0161] Therefore, a sense current can be centralized on the sensibility field S to which the lead layers 
34 and 34 are not covered, the electrical-potential-difference change in the sensibility field S 
improves, and the output characteristics of the spin bulb mold thin film magnetic cell 1 can be 
improved. Moreover, since the diversion-of-river component of a sense current is reduced, in the 
insensible field N where covering formation of the lead layers 34 and 34 is carried out, a magneto- 
resistive effect is not substantially discovered and the leakage field ftom the recording fa-ack of a 
magnetic-recording medium is not detected. Thereby, side leading of the spin bulb mold thin fihn 
magnetic cell 1 can be prevented. 

[0162] In addition, the sensibihty field S of a layered product 38 can determine the range by the 
micro truck profile method. 

[0163] Hereafter, the micro truck profile metiiod is explained based on drawing 13 . As shown in 
drawing 13 , the spin bulb mold thin film magnetic cell 1 concerning tiiis invention which has the 
layered product which demonsti-ates a magneto-resistive effect, the hard bias layer formed in those 
both sides, and the lead layer which it was formed on this hard bias layer, and was put on the layered 
product is formed on a substrate. 

[0164] Next, the width method A of the top face of the layered product which an electi-ode layer 
covers and has not hung with an optical microscope or an electron microscope is measured. This 
width method A is defined as the widtii of recording track Tw measured by optical means. 
[0165] And the predetermined signal is recorded as a minute truck on tiie magnetic-recording 
medium, the spin bulb mold thin fihn magnetic cell 1 is made to scan crosswise [ truck ] on this 
mmute truck, and the relation between the width method A and a playback output is measured Or 
the magnetic-recording medium side by which the minute truck was formed may be made to scan 
crosswise [ truck ] on a spin bulb mold thin film magnetic cell, and the relation between the width 
method A of a layered product and a playback output may be measured. The measurement resuh is 
shown in the dravying 13 bottom. 
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[0166] According to this measurement result, near the center of a layered product, it turns out that a 
playback output becomes high and a playback output becomes low near the flank of said layered 
product. Although a magneto-resistive effect is demonstrated good and it participates in a 
regenerative function near the center of a layered product from this result, in near [ that ] the both- 
sides section, a magneto-resistive effect gets worse, a playback output is low and the regenerative 
function is falling. 

[0167] In this invention, the field formed by the width method B of the layered product which 50% 
or more of playback output generates to the maximvun playback output is defined as the sensibility 
field S, and it defines the field formed by having the width method C of a layered product for 
generating only 50% or less of playback output to the maximum playback output as an insensible 
field N. As shown in drawing 13 , the sensibility field S is a field which shows a magneto-resistive 
effect substantially, and the width method B of this sensibility field S turns into a magnetic truck 
width method. If an example is taken [ that the width of face of the whole layered product is an about 
several micrometers zero point, and ] although the width of recording track (width method B) of the 
sensibility field S is larger than the optical width of recording track Tw (dimension a) a little as 
shown in drawmg 13 , the difference is very small and it can be considered substantially that it is the 
same. 

[0168] Next, the manufacture approach of the above-mentioned spin bulb mold thin film magnetic 
cell 1 is explained with reference to a drawing. This manufacture approach consists of the cascade 
screen formation process which forms a cascade screen, the resist formation process which forms a 
lift-off resist, the layered product formation process which forms the layered product of cross- 
sectional-view abbreviation trapezoidal shape, the hard bias layer formation process which carries 
out the laminating of the bias layer, a lead connection formation process, and a lead layer formation 
process. 

[0169] As shown in drawing 14 , in a cascade screen formation process, on a substrate 30 First, the 
substrate layer 3, the 1st antiferromagnetism layer 4, 1st strong magnetic pinned layer 5a, 1st 
nonmagnetic interlayer 5b, 2nd strong magnetic pinned layer 5c, the 1st nonmagnetic conductive 
layer 6, 1st diffiision prevention layer 7a, The laminating of ferromagnetic free layer 7b, 2nd 
diffusion prevention layer 7c, the 2nd nonmagnetic conductive layer 8, 3rd strong magnetic pinned 
layer 9a, 2nd nonmagnetic interlayer 9b, 4th strong magnetic pinned layer 9c, the 2nd 
antiferromagnetism layer 35, and the protective layer 36 is carried out one by one, and cascade 
screen 38a is formed. Next, in a resist formation process, as shown in drawing 14 , the lift-off resist 
L is formed on cascade screen 38a. The lift-off resist L comes to provide the contact side 51 which 
touches cascade screen 38a, and the both-sides sides 52 and 52 which face across this contact side 
51, it is between the contact side 51 and the both-sides sides 52 and 52, and the cut sections 53 and 
53 of a couple are formed in the truck cross direction both sides of the contact side 51. 
[0170] Next, in a layered product formation process, as shown in drawing IS , the ion beam of inert 
gas elements, such as Ar, is irradiated from the direction of an include angle theta 1 to a substrate 30 
at cascade screen 38a, and cascade screen 38a which is in the graphic display XI direction outside 
(truck cross direction outside) rather than the both-sides sides 52 and 52 of the lift-off resist L is 
etched to the middle of the 1st antiferromagnetism layer 4. Thus, the layered product 38 of cross- 
sectional-view abbreviation trapezoidal shape is formed. In addition, by having been etched to the 
middle of this layer, that part remains and the 1st antiferromagnetism layer 4 of a layered product 38 
has the extension sections 4a and 4a which extend on graphic display XI direction both sides. 
[0171] moreover, the ion milling according [ etching ] to Ar and reactant ion - it is desirable to carry 
out by it being dirty (RIE) etc. These approaches are excellent in the rectilinear-propagation nature 
of an etching particle, and can irradiate an etching corpuscular ray from a specific direction. 
Moreover, as for the include angle theta 1 which determines the direction of radiation of etching 
corpuscular rays, such as an ion beam, it is desirable that it is the range of 60-85 degrees. An include 
angle theta 1 can be specified as the grid front face of an ion gun by adjusting the include angle with 
a substrate 30 to make. 

[0172] Thus, by irradiating an etching particle from an include angle theta 1, anisotropic etching can 
be performed to cascade screen 38a, cascade screen 38a outside the both-sides sides 52 and 52 of the 
lift-off resist L can be etched, and the layered product 38 of abbreviation trapezoidal shape can be 
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formed. 

[0173] Next, in a hard bias layer formation process, as shown in drawing 16 , the laminating of the 
bias substrate layer 31 and the hard bias layer 32 is carried out by depositing sputtered particles on 
the both sides of a layered product 38 to a substrate 30 from the direction of an include angle theta 2 
(however, theta2> theta 1). The bias substrate layer 31 and the hard bias layers 32 are the both sides 
of a layered product 38, and carry out a laminating on extension section 4a of the 1st 
antiferromagnetism layer 4, and 4a. Moreover, as for the hard bias layers 32 and 32, it is desirable to 
carry out a laminating to the hierarchy location same at least as the free magnetic layer 7. In drawing 
16 , the laminating of the hard bias layer 32 is carried out so that top-face 32a of the hard bias layer 
32 may become the same location as the joint of the free magnetic layer 7 and the 2nd nonmagnetic 
conductive layer 8. Moreover, in the case of deposition of sputtered particles, deposition of sputtered 
particles occurs also to the Uft-ofif resist L, and the same layer 31' of a presentation as the bias 
substrate layer 31 and the hard bias layer 32 and 32* form on the lift-off resist L. 
[0174] Next, as shown in drawing 17 , the laminating of the interlayers 33 and 33 is carried out by 
depositing sputtered particles from the direction of an include angle theta 1 on the hard bias layer 32 
and 32 to a substrate 30. As for interlayers 33 and 33, it is desirable to carry out a laminating to the 
same hierarchy location as a protective layer 36. In drawing 17 , an interlayer's 33 top face becomes 
the same location as the top face of the protective layer 36 of a layered product 38. Moreover, in the 
case of deposition of sputtered particles, deposition of sputtered particles occurs also to the lift-off 
resist L, and layer 33' of the same presentation as an interlayer 33 forms on the lift-off resist L. 
[0175] As for deposition of sputtered particles here, it is desirable to carry out by the spatter which 
combined the ion beam spatter method, the long slow spatter method, the coUimation spatter method, 
or them. These approaches are excellent in the rectilinear-propagation nature of sputtered particles, 
and can irradiate sputtered particles from a specific direction. Moreover, as for an include angle theta 
2, it is desirable that it is the range of 70-90 degrees. As for an include angle theta 2, it is desirable to 
make it larger than an include angle theta 1 to substrate 30 front face, i.e., to use an include angle 
theta 2 as an obtuse angle from an include angle theta 1. By adjusting the front face of the target for 
spatters and the include angle with a substrate 30 to make can prescribe an include angle theta 1 and 
an include angle theta 2. 

[0176] Thus, by depositing sputtered particles from the direction of an include angle theta 2, the 
laminating of the bias substrate layers 31 and 31 and the hard bias layers 32 and 32 can be carried 
out only to the graphic display XI direction outside of the cut sections 53 and 53 of the lift-off resist 
L. Moreover, the hard bias layers 32 and 32 can be formed in the same hierarchy location as the free 
magnetic layer 7, without making the both-sides side of a layered product 38 nm aground. Moreover, 
interlayers 33 and 33 can be formed to the same location as the top face of the protective layer 36 of' 
a layered product 38 by depositing sputtered particles and performing an interlayer's 33 formation 
from the direction of an include angle theta 1. 

[0177] Next, in a lead connection formation process, as shown in drawing 18 , etching corpuscular 
rays, such as another ion beam, are irradiated to a substrate 30 from the direction of an include angle 
theta 3 (however, theta2> theta 3). A part of the protective layer 36 in the location corresponding to 
the cut sections 53 and 53 of a couple, 2nd antiferromagnetism layer 35, 2nd fixed magnetic layer 9, 
and 2nd nonmagnetic conductive layer 8 are etched by this, the graphic display XI direction ends of 
a layered product 38 are used as a notch, and the lead connections 37 and 37 of a couple are formed. 
At this time, the extension sections 8a and 8a which extend on truck cross direction both sides are 
formed by etching a part of 2nd nonmagnetic conductive layer 8. Moreover, at this time, the middle 
class 33 is also etched simultaneously and is etched to the hierarchy location as the top face of the 
extension sections 8a and 8a of the 2nd nonmagnetic conductive layer 8 where that top face is the 
same. 

[0178] Moreover, it is desirable to perform etching by the ion milling by Ar, reactive ion etching 
(RIE), etc. These approaches are excellent in the rectilinear-propagation nature of an etching particle, 
and can irradiate an etching corpuscular ray from a specific direction. Moreover, as for the include 
angle theta 3 which determines the direction of radiation of an etching particle, it is desirable that it 
is the range of 40-70 degrees. As for an include angle theta 3, it is desirable to make it smaller than 
an include angle theta 1 and an include angle theta 2 to the front face of a substrate 30, i.e., to use an 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran^web cgi ejje 11/20/2006 



JP,2002-076472,A [DETAILED DESCRIPTION] 



Page 29 of 36 



include angle theta 3 as an acute angle from an include angle theta 1 or an include angle theta 2. By 
adjusting the front face of the grid of an ion gun and the include angle with a substrate 30 to make 
can prescribe an include angle theta 3. 

[0179] Thus, by irradiating etching particles, such as an ion beam, from the direction of the acute 
angle include angle theta 3 from include angles thetal and theta2, an ion beam can be irradiated to 
the layered product 38 in the location corresponding to the cut sections 53 and 53 of the lift-off resist 
L, a notch can be prepared in a part of layered product 38, and the lead connections 37 and 37 can be 
formed. 

[0180] Moreover, the width of face M of the graphic display XI direction of each lead connection 37 
is prescribed by width-of-face M' of the graphic display XI direction of each cut section 53 of the 
hft-off resist L. In drawing 18 , although the width of face M of the graphic display XI direction of 
the lead connection 37 is large a little rather than width-of-face M' of the graphic display XI 
direction of the cut section 53, if an example is taken [ that the width of face of the layered product 
38 whole is an about several micrometers zero point, and ], the difference of width of face M and 
width-of-face M' is small, and it can be considered substantially that it is the same. Therefore, since 
width-of-face of the graphic display XI direction of the cut section 53 can prescribe the width of 
face M of the graphic display XI direction of the lead connection 37, the width method of the 
graphic display XI direction of the lead connection 37 can be controlled to a precision, and it can 
constitute so that the touch area of the lead layer 34 in the lead connection 37 may be controlled and 
a sense current can be efficiently impressed to a layered product 38. 

[0181] Furthermore, it is desirable to analyze the sputtered-particles kind begun to beat from the 
layered product 38 on the occasion of etching with a secondary ion mass spectrum analysis method, 
and to detect the terminal point of etching. For example, when 3rd strong magnetic pinned layer 9a 'is 
constituted from a FeNi alloy and the 2nd nonmagnetic conductive layer is constituted from Cu, 
respectively Since Cu which constitutes the 2nd nonmagnetic conductive layer 8 is begun to beat 
after the sputtered particles of Fe and nickel which constitute 3rd strong magnetic pinned layer 9a by 
etching are begun to beat If etching is suspended after predetermined time amount progress after 
detecting Cu with a secondary ion mass spectrum analysis method, when it etches to a part of 2nd 
nonmagnetic conductive layer 8, formation of the lead connection 37 can be stopped. Thereby, 
precision of etching at the time of lead connection 37 formation can be made high, and the lead 
connections 37 and 37 can be formed with a sufficient precision. 

[0182] And in a lead layer formation process, as shovra in drawing 19 , the laminating of the lead 
layers 34 and 34 is carried out to a substrate 30 by depositing still more nearly another sputtered 
particles from the direction of an include angle theta 3. The laminating of the lead layers 34 and 34 is 
carried out on extension section 8a of interlayers 33 and 33 and the 2nd nonmagnetic conductive 
layer 8, and 8a. Thus, it extends in the center of a layered product 38 from the XI direction both 
sides of a layered product 38, and the lead layers 34 and 34 which connect with this layered product 
38 in the lead connections 37 and 37 are formed. Formation of these lead layers 34 and 34 is formed 
so that the angle theta 2 of overiay section 34a, 34a front face, and layered product 38 front face to 
make may serve as the range of 45 - 70 degrees. Moreover, in the case of deposition of sputtered 
particles, deposition of sputtered particles occurs also to the lift-off resist L, and layer 34' of the same 
presentation as the lead layer 34 forms on the lift-off resist L. 

[0183] As for deposition of sputtered particles, it is desirable to carry out by the spatter which 
combined the ion beam spatter method, the long slow spatter method, the coUimation spatter method, 
or them. These approaches are excellent in the rectilinear-propagation nature of sputtered particles, 
and can irradiate sputtered particles from a specific direction. Moreover, as for the include angle 
theta 3 which determines the direction of radiation of sputtered particles, it is desirable to make it 
almost the same as whenever [ illuminating-angle / of the ion beam in the case of a lead connection 
formation process ]. By adjusting the front face of the target for spatters and the include angle with a 
substrate 30 to make can prescribe an include angle theta 3. 

[0184] Thus, by depositing sputtered particles from an include angle theta 3, the laminating of the 
lead layers 34 and 34 can be carried out on the lead connection 37 in the location corresponding to 
the cut sections 53 and 53 of the Hft-off resist L, and 37, and the overlay sections 34a and 34a of the 
lead layers 34 and 34 can be directly joined to the extension sections 8a and 8a of the 2nd 
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nonmagnetic conductive layer 8. 

[0185] While removing the lift-off resist L, performing annealing treatment in a magnetic field etc. 
finally, making the 1st and 2nd antiferromagnetism layers 4 and 35 discover a switched connection 
field and fixing the magnetization direction of the 1st and 2nd fixed magnetic layers 5 and 9 The spin 
bulb mold thin film magnetic cell 1 as shown in drawing 1 is obtained by magnetizing the hard bias 
layers 32 and 32 by making a bias field discover and making the magnetization direction of the firee 
magnetic layer 7 arranged in the graphic display XI direction. 

[01 86] According to the manufacture approach of the above-mentioned spin bulb mold thin film 
magnetic cell 1, irradiate etching particles, such as an ion beam, fi-om the direction of an include 
angle theta 1, and the layered product 38 of cross-sectional- view abbreviation trapezoidal shape is 
formed. Since still more nearly another sputtered particles firom the direction of an include angle 
theta 3 (thetal> theta 3) are irradiated and the lead connections 37 and 37 of a couple are formed in 
the location corresponding to the cut sections 53 and 53 of the lift-off resist L By one Uft-off resist L, 
formation of a layered product 38 and formation of the lead connections 37 and 37 can be performed, 
and the production process of the spin bulb mold thin film magnetic cell 1 can be shortened. 
[0187] Such a spin bulb mold thin fihn magnetic cell 1 Since it has the lead layer 34 equipped with 
the overlay sections 34a and 34a which extend on the fi-ont face of a layered product 38 towards a 
part for a center section fi-om the both sides of a layered product 38 A part for the center section of a 
layered product 38 is made into the sensibility field S, and since the both-sides part of the layered 
product 38 located in the overlay sectionsa [ 34 ] and 34a bottom is made into an insensible field N, 
it can make width of face of the sensibility field S the width of recording track. Therefore, the width 
of recording track can be narrowed and it becomes possible to correspond to narrow track-ization 
aiming at the densification of recording density. 

[0188] And this spin bulb mold thin film magnetic cell 1 the die length, i.e., the component height, 
which extends the sheet resistance of H12 and the lead layers 34 and 34 perpendicularly toward the 
direction of the interior fi-om an opposed face with Rsl2 and the magnetic-recording medium of a 
layered product 38 in the die length which extends perpendicularly toward the direction of the 
interior fi-om an opposed face with the magnetic-recording medium of the lead layers 34 and 34 
Since it has the relation shown by (Rsl2/H12) / (Rsg2/Hg2) <=0.02 when Hg2 and the sheet 
resistance of said layered product are set to Rsg2 The resistance to the sense current which flows in 
fi-om the overlay sections 34a and 34a can be reduced, and the diversion of river of the sense current 
which flows in via the hard bias layer 32 can be lessened. Consequently, since the sense current 
which flows to the insensible field N in which it is located under the overlay sections 34a and 34a of 
a layered product decreases and magnetic-reluctance change in an insensible field N stops being 
substantially discovered, it becomes possible to prevent side leading of the spin bulb mold thin film 
magnetic cell L Moreover, since the diversion of river of a sense current can be lessened and a sense 
current can be centraUzed on the sensibility field S located in a part for the center section of a 
layered product 38, it becomes possible to improve substantially and to raise the output 
characteristics of the spin bulb mold thin film magnetic cell 1 of the resistance rate of change in the 
sensibility field S. 

[0189] Furthermore, this spin bulb mold thin film magnetic cell 1 Since it has the relation indicated 
to be said H12, said Rsl2, and said Hg2 in relation with said Rsg2 by (Rsl2/H12) / (Rsg2/Hg2) <=0.01 
The resistance to the sense current which flows in fi-om the overlay sections 34a and 34a can be 
reduced fiurther, and the diversion of river of the sense current which flows in via the hard bias layer 
32 can be lessened fiirther. 

[0190] Moreover, this spin bulb mold thin film 1 The lead layer 34, the die length 2, i.e., component 
height Hg, which extends the sheet resistance of H12 and the lead layers 34 and 34 perpendicularly 
toward the direction of the interior fi"om an opposed face with Rsl2 and the magnetic-recording 
medium of a layered product 38 in the die length which extends perpendicularly toward the direction 
of the interior from an opposed face with the magnetic-recording medium of 34 Since it has the 
relation shown by resistance (Rsl2/H12) <=1 ohm/micrometer per unit length of the XI direction of a 
lead layer when Rsg2 is made into the range of 15-25ohms / ** for the range of 0.2-0.5 micrometers, 
and the sheet resistance of a layered product 38 The resistance to the sense current which flows in 
fi^om the overlay sections 34a and 34a can be reduced, and the diversion of river of the sense current 
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which flows in via the hard bias layer 32 can be lessened. 

[0191] Furthermore, this spin bulb mold thin film 1 is set in the relation between said H12 and said 
Rsl2. Since it has the relation shown by <=(Rsl2/H12) O.Sohm/micrometer when said Hg2 is made 
into the range of 0.2-0.5 micrometers and said Rsg2 is made into the range of 15-25ohms / ** The 
resistance to the sense current which flows in from the overlay sections 34a and 34a can be reduced, 
and the diversion of river of the sense current which flows in via the hard bias layer 32 can be 
lessened further. 

[0192] Furthermore, it sets to this spin bulb mold thin film magnetic cell 1. The angle theta 2 of 
overlay section 34a of the lead layers 34 and 34, 34a front face, and layered product 38 front face to 
make Since it considers as the range of 45 - 70 degrees, the resistance to the sense current which 
flows in from the overlay sections 34a and 34a can be reduced further, and the diversion of river of 
the sense current which flows in via the hard bias layer 32 can be lessened further. 
[0193] As mentioned above, this spin bulb mold thin film 1 can become what has the few diversion 
of river of the sense current which flows in via the hard bias layer 32, and side leading of the spin 
bulb mold tiiin film magnetic cell 1 can be prevented much more effectively. Moreover, it becomes 
possible to improve further and to raise further the output characteristics of the spin bulb mold thin 
film magnetic cell 1 of the substantial resistance rate of change in the minute field in the sensibility 
field S. 

[0194] In the spin bulb mold thin fihn magnetic cell of this invention The die length which extends 
perpendicularly toward the direction of the interior from an opposed face with the magnetic- 
recording medium of an electrode layer HI, When Hg and the sheet resistance of said layered product 
are set to Rsg, the die length, i.e., the component height, which extends the sheet resistance of an 
electrode layer perpendicularly toward the direction of the interior from an opposed face with Rsl 
and the magnetic-recording medium of a layered product, It has the relation shown by (Rsl/Hl)/ 
(Rsg/Hg)<=0.02. The die length which extends perpendicularly toward the direction of the interior 
from an opposed face with the magnetic-recording medium of an elecfrode layer And HI, the die 
length, i.e., component height Hg, which extends the sheet resistance of an elecfrode layer 
perpendicularly toward the direction of the interior from an opposed face with Rsl and the magnetic- 
recording medium of a layered product, the range of 0.2-0.5 micrometers. Although it is desirable to 
have the relation shown by resistance (Rsl/Hl) <=1 ohm/micrometer per unit length of the XI 
direction of an elecfrode layer when Rsg is made into the range of 15-25ohms / ** for the sheet 
resistance of a layered product, it is good also as what has one of relation. 

[0195] Moreover, in the spin bulb mold thin film magnetic cell of this invention, although it is good 
also as what prepared the hard bias layer as a bias layer as shown in the example mentioned above, 
as a bias layer, a ferromagnetic layer and an antiferromagnetism layer are good also as what prepared 
the exchange bias layer which comes to carry out a laminating, and are not limited especially. 
[0196] Moreover, in the spin bulb mold tiiin fihn magnetic cell of this invention, as shown in the 
example mentioned above, you may not come to consider as the ferrimagnetism condition that 180 
degrees of sense of magnetization differ in the layers by which any one or more layers of a fixed 
magnetic layer and the free magnetic layer were divided and divided by two through the 
nonmagnetic interlayer, and all the fixed magnetic layers and free magnetic layers may not be made 
into the ferrimagnetism condition. 

[0197] Moreover, it sets to the spin bulb mold thin film magnetic cell of this invention. As were 
shown in the 1st operation gestalt, and it is good also as what prepared the BAKKUDO layer as a 
mean-free-path extension layer and was shown in the 2nd operation gestalt It is good also as what 
prepared the specular reflection layer as a mean free path extension layer, and as shown in the 3rd 
operation gestalt, it is good also as what does not prepare a mean free path extension layer. 
[0198] Moreover, it is good also as what prepared both the BAKKUDO layer and the specular 
reflection layer in the opposite hand of the field which touches said free magnetic layer of the 
BAKKUDO layer connected to the free magnetic layer, for example by carrying out tiie laminating 
of the specular reflection layer. By considering as such a spin bulb mold thin film magnetic cell, the 
spm filter effectiveness of a BAKKUDO layer and the improvement effectiveness of the magnetic- 
reluctance rate of change by tiie specular reflection effectiveness of a specular reflection layer can be 
demonsfrated simultaneously. Thus, as a mean-free-path extension layer, when both a BAKKUDO 
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layer and a specular reflection layer shall be prepared, as for the thickness of a specular reflection 
layer, and the thickness of a BAKKUDO layer, it is desirable to be set up as thickness of the whole 
mean-free-path extension layer including both. 

[0199] The thickness of a mean-free-path extension layer, i.e., the thickness of a BAKKUDO layer, 
can be made into the range of 5-30A. If the thickness as this mean free path extension layer is set as 
a value thinner than 5 A, since the extended effectiveness of a mean free path will not fully be 
acquired but the playback output characteristics of a spin bulb mold thin film magnetic cell will get 
worse, it is not desirable. Moreover, the upper limit of a specular reflection layer needs to be decided 
from playback gap length, £md needs to be 500A or less in general. 

[0200] Thus, by setting up, a specular reflection layer forms a potential barrier in near the interface 
of a BAKKUDO layer and a specular reflection layer, it can reflect the conduction electron of rise 
spin which moves a BAKKUDO layer, saving the condition of spin in near the interface of a 
BAKKUDO layer and a specular reflection layer, and as the mean free path of the conduction 
electron of rise spin is extended fiirther and mentioned above, it shows the so-called specular 
reflection effectiveness. Moreover, since specular reflection of the conduction electron of the rise 
spin to which the mean free path extended according to the spin filter effectiveness of a BAKKUDO 
layer can be carried out near the interface of a BAKKUDO layer and a specular reflection layer, in 
order to become possible to extend further the average free process of the conduction electron of rise 
spin and to show the so-called specular reflection effectiveness by setting out of the thickness of a 
mean-free-path extension layer, magnetic-reluctance rate of change can be made higher. 
[0201] Next, the thin film magnetic head of this invention is explained in detail. Drawing 20 is the 
perspective view having shown an example of the thin film magnetic head of this invention. This 
thin film magnetic head is the thing of the floatation type carried in magnetic-recording media, such 
as a hard disk drive unit. The side shown with a sign 236 by the leading side by which the side which 
shows the slider 251 of this thin film magnetic head with a sign 235 in drav^ing 20 tums to the 
upstream of the migration direction of a disk side is a trailing side. In the field which counters the 
disk of this slider 251, rail-like the ABS sides (pneumatic-bearing side: floatation side of the rail 
section) 251a, 251a, and 251b and the Ayr grooves 251c and 251c are formed. And the magnetic- 
core section 250 is formed in 25 Id of end faces by the side of trailing of this slider 251 . 
[0202] The magnetic-core section 250 of the thin film magnetic head shown in this example is the 
compound-die magnetic head of the structure shown in drawing 21 and drawing 22 , and on 25 Id of 
trailing side edge sides of a slider 251, the laminating of MR head (read head) hi and the inductive 
head (write head) h2 is carried out to order, and it is constituted. 

[0203] The lower gap layer 254 is formed on the lower shielding layer 253 which MR head hi of 
this example becomes from the magnetic alloy formed in the trailing side edge section of the slider 
25 1 which serves as a substrate. And on the lower gap layer 254, the laminating of the magneto- 
resistive effect component layer 245 is carried out. The up gap layer 256 is formed on this magneto- 
resistive effect component layer 245, and the up shielding layer 257 is formed on it. Besides, let the 
section shielding layer 257 at combination be the lower core layer of the inductive head h2 formed 
on it. This MR head hi reads the content of record of a record medium by changing resistance of the 
magneto-resistive effect component layer 245, and reading this resistance change by the existence of 
the minute leakage field from magnetic-recording media, such as a disk of a hard disk. 
[0204] The magneto-resistive effect component layer 245 prepared in said MR head hi is equipped 
with the spin bulb mold thin film magnetic cell mentioned above. Said spin bulb mold thin film 
magnetic cell is most important thing that constitutes a thin film magnetic head (head for playback). 
[0205] Moreover, the coil layer 266 pattemized so that the gap layer 264 might be formed on the 
lower core layer 257 and an inductive head h2 might become spiral superficially on it is formed. Said 
coil layer 266 is surrounded by 1st insulating material layer 267 A and 2nd insulating material layer 
267B. As the thickness of magnetic gap G is made to end and counter the lower core layer 257 and 
the pole tip section 268a is shown in drawing 21 and drawing 22 by ABS side 251b, the up core 
layer 268 formed on 2nd insulating material layer 267B connects the end face section 268b to the 
lower core layer 257 magnetically, and is prepared. Moreover, on the up core layer 268, the 
protective layer 269 which consists of an alumina etc. is formed. 

[0206] In such an inductive head h2, a record current is given to the coil layer 266 and record 
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magnetic flux is given to a core layer from the coil layer 266. And said inductive head h2 records a 
magnetic signal on magnetic-recording media, such as a hard disk, by the leakage field from the 
point of the low^er core layer 257 in the part of magnetic gap G, and the up core layer 268. 
[0207] In order to manufacture the thin film magnetic head of this invention, after forming the lower 
gap layer 254 first on the lower shielding layer 253 made from the magnetic material shown in 
drawing 2 1 , said spin bulb mold thin film magnetic cell which forms the magneto-resistive effect 
component layer 254 is formed. Then, if the up shielding layer 257 is formed through the up gap 
layer 256 on said spin bulb mold thin film magnetic cell, MR head (read head) hi will be completed. 
Then, the gap layer 264 is formed on the up shielding layer 257 of said MR head hi, and the lower 
core layer 257 which is combination, and it forms so that the spiral coil layer 266 may be surrounded 
on it by 1st insulating material layer 267 A and 2nd insulating material layer 267B. Furthermore, the 
up core layer 268 is formed on 2nd insulating material layer 267B, and it considers as a thin film 
magnetic head by forming a protective layer 269 on the up core layer 268. 
[0208] Since such a thin film magnetic head is a thin film magnetic head for which it comes to 
prepare the spin bulb mold thin film magnetic cell mentioned above, the playback output of magnetic 
information is high and the probability of side leading generating serves as the low thin film 
magnetic head. 

[0209] In addition, as for the configuration of the slider part of the thin film magnetic head, and the 
configuration of an inductive head, it is needless to say that it is not limited to what is shown in 
drawing 20 - drawing 22 , but other various sliders and inductive heads of structure can be adopted. 
[0210] (Example) It manufactured on the conditions which show the spin bulb mold thin film 
magnetic cell which has the same structure as the 1st operation gestalt shown in dravdng 1 in a table 
1, and considered as the example 1 - the example 15 and the conventional example 1 - the 
conventional example 3. 
[0211] 

:A table 1] 
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19.96 
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0.365 
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0.0084 
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0.7 
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0.3 


19.96 
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19.96 
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0.017 


0J32AS 
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0,017 
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0.392 


7 


900 
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1.1 
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0.020 


0-0244 


0385 


12 


900 


5 


las 


2.0 


90 


0.4 


1 


19.96 


19.96 
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0.0245 


0.415 


13 


900 


5 


las 


2.0 


90 


0.4 
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[0212] In a table 1, "thickness of an electrode" is the dimension shown with Sign t in drawing 1 , and 
is the thickness of the electrode layer measured from an opposed face with a magnetic-recording 
medium. Moreover, "electrode die length" is die length which extends perpendicularly toward the 
direction of the interior from an opposed face with the magnetic-recording medium of an electrode 
layer, and "electrode sheet resistance" is the value which broke the specific resistance of an electrode 
layer by thickness of an electrode layer. "GMR component die length" is die length which extends 
perpendicularly toward the direction of the interior from an opposed face with the magnetic- 
recording medium of a layered product, and, generally it is also called "component height." 
Moreover, "GMR sheet resistance" is the value which broke the specific resistance of a layered 
product by total thickness of a layered product. Moreover, an "electrode include angle" is an angle 
on the overlay section front face of an electrode layer, and the front face of a layered product to 
make. Moreover, "the relative output in an off-track location" here is the value which broke the 
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average of a playback output with a location (off-track location) of **0.7 micrometers by the value 
of the playback output based on components from the component core of a spin bulb mold thin film 
magnetic cell. Moreover, the "effective width of recording track" is the width method of the layered 
product which 50% or more of playback output generates to the maximum playback output, and it 
determined by the micro truck profile method. 

[0213] The thickness of each class in the layered product 16 of the spin bulb mold thin film magnetic 
cell of an example 1 - an example 15 and the conventional example 1 - the conventional example 3 is 
set as Ta30/PtMnl50/Co20/Ru8/Co25/Cu25/ColO/NiFe30/Cul5/Ta30 (several correspond each to 
the Angstrom unit of each thickness) from the bottom. Moreover, the dimension of the width of 
recording track Tw in drawing 1 was formed as 0.35 micrometers, and the dimension of the width of 
face which doubled the dimension of the width of recording track Tw and the width methods T and T 
of the overlay sections 18a and 18a of the both sides was formed as 2.0 micrometers. 
[0214] Thus, the relation between (Rsl/Hl)/(Rsg/Hg) of the spin bulb mold thin film magnetic cell of 
the acquired example 1 - an example 15 and the conventional example 1 - the conventional example 
3 and the effective width of recording track was investigated. The result is shown in dravsdng 25 . As 
for 0.02 or less spin bulb mold thin film magnetic cell which is the range where (Rsl/Hl)/(Rsg/Hg) is 
more desirable than drawing 25 , it turns out that the effective width of recording track is narrow. 
Furthermore, 0.01 or less spin bulb mold thin film magnetic cell whose (Rsl/Hl)/(Rsg/Hg) is the 
more desirable range has checked that the effective width of recording track was still narrower. 
[0215] Furthermore, the relation between (Rsl/Hl)/(Rsg/Hg) of the spin bulb mold thin film magnetic 
cell of an example 1 - an example 15 and the conventional example 1 - the conventional example 3 
and the relative output in an off-track location was investigated. The result is shown in drawing 26 . 
As for 0.02 or less spin bulb mold thin film magnetic cell which is the range where (Rsl/Hl)/ 
(Rsg/Hg) is more desirable than drawing 26 , it turns out that the relative output in an off-track 
location is small. Furthermore, 0.01 or less spin bulb mold thin film magnetic cell whose (Rsl/Hl)/ 
(Rsg/Hg) is the more desirable range has checked that the relative output in an off-track location was 
still smaller. 

[0216] Moreover, relation with the relative output in (Rsl/Hl) and the off-track location of a spin 
bulb mold thin film magnetic cell of an example 1 - an example 15 and the conventional example 1 - 
the conventional example 3 was investigated. The result is shown in drawing 27 . In drawing 27 , 
only that whose Hg is 0.3-0.5 micrometers is plotted among the examples shown in a table 1. As for 
the spin bulb mold thin fihn magnetic cell of 1 ohm/micrometer or less whose (Rsl/Hl) is the 
desirable range, drawing 27 shows that the relative output in an off-track location is small. 
Furthermore, the spin bulb mold thin fihn magnetic cell of 0.5ohms/micrometer or less whose 
(Rsl/Hl) is more desirable range has checked that the relative output in an off-track location was still 
smaller, 

[0217] Furthermore, the relation between the electrode include angle theta and the effective width of 
recording track was investigated using the spin bulb mold thin fihn magnetic cell of an example 1 - 
an example 8. The result is shown in drawing 28 . In drawing 28 , sign ** shows the result of an 
example 1 - an example 4, and sign o shows the result of an example 5 - an example 8. Drawing 28 
shows that the effective width of recording track is narrow at 45 - 70 degrees which is the range 
where an electrode include angle is desirable. Moreover, when smaller than 45 degrees, it tiuns out 
that the width of recording track is large rapidly. Moreover, as compared with the example 5 whose 
value of (Rsl/Hl)/(Rsg/Hg) is 0.01 or more - an example 8, as for the example 1 from which the 
value of (Rsl/Hl)/(Rsg/Hg) has become less than [ which is the more desirable range ] 0.01 - an 
example 4, it turns out that the effective width of recording track is narrow. 
[0218] moreover, spin bulb mold thin film MAG **** of an example 1, an example 13, and the 
conventional example 1 - the playback output was just measured by ** and the micro truck profile 
method. The result is shown in drawing 29 , drawing 30 , and drawing 3 1 . Drawing 29 is the graph 
which showed the playback output relative value of an example 1, drawing 30 is the graph which 
showed the playback output relative value of an example 13, and drawing 31 is the graph which 
showed the playback output relative value of the conventional example 1 . 

[0219] Although it has sensibility from the component core in the location (off-track location) of 
**0.7 micrometers in the playback output relative value of the conventional example shown in 
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drawing 3 1 if drawing 29 and drawing 30 are compared with drawing 3 1 , it turns out that it does not 
have sensibihty in the playback output relative value of the example 1 and example 13 which were 
shown in drawing 29 and drawing 30 . From this, the example 1 and the example 13 have checked 
that it was hard to generate side leading as compared with the conventional example 1 . 
[0220] 

[Effect of the Invention] Since the spin bulb mold thin film magnetic cell of this invention has the 
electrode layer equipped with the overlay section which extends on the surface of a layered product 
towards a part for a center section from the both sides of a layered product, a part for the center 
section of a layered product is made into a sensibility field, and since the both-sides part of the 
layered product located in the overlay section bottom is made into an insensible field, it can make 
width of face of a sensibility field the width of recording track. Therefore, the width of recording 
track can be narrowed and it becomes possible to correspond to narrow track-ization aiming at the 
densification of recording density. 

[0221] And this spin bulb mold thin film magnetic cell The die length which extends perpendicularly 
toward the direction of the interior from an opposed face with the magnetic-recording medium of an 
electrode layer HI, When Hg and the sheet resistance of said layered product are set to Rsg, the die 
length, i.e., the component height, which extends the sheet resistance of an electrode layer 
perpendicularly toward the direction of the interior from an opposed face with Rsl and the magnetic- 
recording medium of a layered product, Since it has the relation shown by (Rsl/Hl)/(Rsg/Hg)<=0.02, 
the resistance to the sense current which flows in from the overlay section can be reduced, and the 
diversion of river of the sense current which flows in via a bias layer can be lessened. Consequently, 
since the sense current which flows to the insensible field in which it is located under the overlay 
section of a layered product decreases and magnetic-reluctance change in an insensible field stops 
being substantially discovered, it becomes possible to prevent side leading of a spin bulb mold thin 
film magnetic cell. 

[0222] Moreover, since the diversion of river of a sense current can be lessened and a sense current 
can be centralized on the sensibility field located in a part for the center section of a layered product, 
it becomes possible to improve substantially and to raise the output characteristics of a spin bulb 
mold thin film magnetic cell of the resistance rate of change in a sensibility field. 
[0223] Furthermore, since this spin bulb mold thin fihn magnetic cell has the relation indicated to be 
said HI, said Rsl, and said Hg by (Rsl/Hl)/(Rsg/Hg)<=0.01 in relation with said Rsg, it can reduce 
further the resistance to the sense current which flows in from the overlay section, and can lessen 
further the diversion of river of the sense current which flows in via a bias layer. 
[0224] This spin bulb mold thin film the die length which extends perpendicularly toward the 
direction of the interior from an opposed face with the magnetic-recording medium of an electrode 
layer Moreover, HI, the die length, i.e., component height Hg, which extends the sheet resistance of 
an electrode layer perpendicularly toward the direction of the interior from an opposed face with Rsl 
and the magnetic-recording medium of a layered product, the range of 0.2-0.5 micrometers. Since it 
has the relation shown by resistance (Rsl/Hl) <=1 ohm/micrometer per unit length of the truck cross 
direction of an electrode layer when the sheet resistance Rsg of a layered product is made into the 
range of 15-25ohms / ** The resistance to the sense current which flows in from the overlay section 
can be reduced, and the diversion of river of the sense current which flows in via a bias layer can be 
lessened. 

[0225] Furthermore, this spin bulb mold thin film is set in the relation between said HI and said Rsl. 
Since it has the relation shown by <=(Rsl/Hl) O.Sohm/micrometer when said Hg is made into the 
range of 0.2-0.5 micrometers and said Rsg is made into the range of 15-25ohms / The resistance 
to the sense current which flows in from the overlay section can be reduced further, and the diversion 
of river of the sense current which flows in via a bias layer can be lessened further. 
[0226] Furthermore, in this spin bulb mold thin film magnetic cell, since the angle on said overlay 
section front face of an electrode layer and the front face of a layered product to make is made into 
the range of 45 - 70 degrees, it can reduce further the resistance to the sense current which flows in 
from the overlay section, and can lessen further the diversion of river of the sense current which 
flows in via a bias layer. 

[0227] As mentioned above, this spin bulb mold thin film can become what has the few diversion of 
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river of the sense current which flows in via a bias layer, and side leading of a spin bulb mold thin 
film magnetic cell can be prevented much more effectively. Moreover, it becomes possible to 
improve further substantially and to raise further the output characteristics of a spin bulb mold thin 
film magnetic cell of the resistance rate of change in a sensibility field. 

[0228] By moreover, the thing to consider as the spin bulb mold thin film magnetic cell which it 
comes to make into the dual mold stmcture where the nonmagnetic conductive layer, the fixed 
magnetic layer, and the antiferromagnetism layer were respectively formed in the thickness direction 
both sides of said free magnetic layer It shall become what has 2 sets of combination of three layers 
of a free magnetic layer / nonmagnetic conductive layer / fixed magnetic layer, big **R/R (resistance 
rate of change) shall be obtained as compared with a single spin bulb mold thin film magnetic cell, 
and it shall respond to high density record-ization. 

[0229] Furthermore, by considering as the spin bulb mold thin film magnetic cell in which the mean- 
free-path extension layer for extending the mean free path of conduction electron was formed, big 
**R/R (resistance rate of change) shall be obtained, and it shall respond to high density record- 
ization. 

[0230] Moreover, by considering as the spin bulb mold thin film by which the fixed magnetic layer 
was divided by two through the nonmagnetic middle class at least, among the fixed magnetic layers 
divided by two, one side bears the role which fixes the fixed magnetic layer of another side in the 
proper direction, and becomes possible [ maintaining the condition of a fixed magnetic layer at the 
condition of having been stabilized dramatically ]. By considering as the spin bulb mold diin film by 
which the firee magnetic layer was divided by two through the nonmagnetic middle class at least 
further again, a switched connection field occurs among the firee magnetic layers divided by two, and 
it considers as a ferrimagnetism condition, and can rotate with sufficient sensibility to an external 
magnetic field. 

[0231] An antiferromagnetism layer Furthermore, at least one sort or two sorts or more of elements 
of Pt, Pd, Rh, Ru, Ir, Os, Au, Ag, Cr, nickel, Ne, Ar, Xe, and the Kr(s), Since it becomes the 
antiferromagnetism layer in which a switched connection field is high, is excellent in corrosion 
resistance, and discovers switched coimection field sufficient also at comparatively high temperature 
by considering as the spin bulb mold thin film which consists of an alloy containing Mn It becomes 
possible to stabilize actuation of a spin bulb mold thin film magnetic cell, and it becomes possible to 
stabilize the actuation under an elevated temperature of it comparatively especially. 
[0232] Since the thin film magnetic head of this invention equips above either with the spin bulb 
mold thin film magnetic cell of a publication, the playback output of magnetic information is high 
and the probability of side leading generating can constitute the low thin film magnetic head. 
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* NOTICES * 

JPO and NCIPI are not, responsible for any 
dcuaages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view having shown the structure at the time of seeing the 1st operation 
gestalt of the spin bulb mold thin film magnetic cell conceming this invention from an opposed face 
side with a record medium. 

[Drawing 2] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in drawing 1 , and is the sectional view showing the situation which formed the 
list-off resist in the cascade screen on a substrate. 

[Drawing 3] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in drawing 1 , and is the sectional view showing the situation in which the 
layered product was formed. 

[Drawing 4] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in dravying 1 , and is the sectional view showing the situation in which the hard 
bias layer was formed. 

[Drawing 5] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in drawdng 1 , and is the sectional view showing the situation of having 
removed a part of layered product front face. 

[Drawing 6] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shovm in drawing 1 , and is the sectional view showing the situation in which the 
electrode layer was formed. 

[Drawing 7] In a spin bulb mold thin film magnetic cell, it is a ** type explanatory view for 
explaining the contribution to the spin filter effectiveness by the BAKKUDO layer, and dravying 7 
(a) is the sectional view showing the example of a spin bulb mold thin film magnetic cell without a 
BAKKUDO layer, and drawing 7 (b) is the sectional view showing the example of the spin bulb 
mold thin film magnetic cell in this operation gestalt. 

[Drawing 8] It is a ** type explanatory view explaining a convention of the fluctuation 
magnetization direction of the free magnetic layer of a spin bulb mold thin film magnetic cell. 
[Drawing 9] It is drawing which explains reduction of the contribution to the fluctuation 
magnetization M of a fi-ee magnetic layer from a sense current field by the BAKKUDO layer of a 
spin bulb mold thin film magnetic cell, and drawing 9 (a) is a cross-sectional view vertical to the 
medium opposed face (ABS side) which shows the example of a spin bulb mold thin film magnetic 
cell without a BAKKUDO layer, and drawing 9 (b) and drawing 9 (c) are cross-sectional views 
vertical to the medium opposed face (ABS side) which shows the example of the spin bulb mold thin 
film magnetic cell in this operation gestalt. 

[Drawing 10] It is the sectional view having shown the structure at the time of seeing the 2nd 
operation gestalt of the spin bulb mold thin film magnetic cell conceming this invention fi-om an 
opposed face side with a record medium. 

[Drawing 11] In a spin bulb mold thin film magnetic cell, it is a ** type explanatory view for 
explaining the contribution to the specular reflection effectiveness by the specular reflection layer, 
and drawing 1 1 (a) is the sectional view showing the example of a spin bulb mold thin film magnetic 
cell without a specular reflection layer, and drawing 1 1 (b) is the sectional view showing the 
example of the spin bulb mold thin film magnetic cell in this operation gestalt. 
rDrawing 12] It is the sectional view having shown the structure at the time of seeing the 3rd 
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operation gestalt of the spin bulb mold thin film magnetic cell conceming this invention fi-om an 
opposed face side with a record medium. 

[ Drawing 13] It is a mimetic diagram for explaining the measuring method of the micro truck profile 
method. 

[ Drawing 14] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in drawing 12 , and is process drawing showing a cascade screen formation 
process and a resist formation process. 

[Drawing 15] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in drawing 12 , and is process drawing showing a layered product formation 
process. 

[Drawing 16] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in drawing 12 , and is process drawing showing a bias layer formation process. 
[ Drawin g 17] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in drawing 12 , and is process drawing showing a bias layer formation process. 
[Drawing 18] It is drawing for explaining the manufacture approach of the spin bulb mold thin film 
magnetic cell shown in drawing 12 , and is process drawing showing a lead connection formation 
process. 

[Drawing 19] It is drawing for explaining other manufacture approaches of the spin bulb mold thin 
film magnetic cell shown in drawing 12 , and is process drawing showing a lead layer formation 
process. 

[Drawing 20] It is the perspective view having shown an example of the thin film magnetic head of 
this invention. 

[Drawing 21] It is the sectional view having shown the magnetic-core section of the thin film 
magnetic head shown in drawing 20 . 

[ Drawin g 22] It is the outline perspective view having shown the thin film magnetic head shown in 

drawing 2 1 . 

[Drawing 23] It is the mimetic diagram showing the measuring method of the sensibility field and 
insensible field which are occupied to the layered product of a spin bulb mold thin film magnetic 
cell. 

[Drawing 24] It is the sectional view having shown the structure at the time of seeing an example of 
the conventional spin bulb mold thin film magnetic cell fi-om an opposed face side with a record 
medium. 

[Drawing 25] It is the graph which showed the relation between (Rsl/Hl)/(Rsg/Hg) and the effective 
width of recording track. 

[Drawing 26] It is the graph which showed the relation between (Rsl/Hl)/(Rsg/Hg) and the relative 
output in an off-track location. 

[Drawin g 27] It is the graph which investigated the relation between (Rsl/Hl) and the relative output 
in an off-track location. 

[Drawin g 28] It is the graph which investigated the relation between the electrode include angle theta 
and the effective width of recording track. 

Prawing 29] It is the graph which showed the micro track profile of an example 1 . 

[Drawing 30] It is the graph which showed the micro truck profile of an example 13. 

[Drawing 31] It is the graph which showed the micro track profile of the conventional example 1. 

[Description of Notations] 

1 Spin Bulb Mold Thin Film Magnetic Cell 

4 1st Antiferromagnetism Layer 

5 1st Fixed Magnetic Layer 

5a The 1st strong magnetic pinned layer (strong magnetic pinned layer) 

5b The 1st nonmagnetic interlayer (nonmagnetic interlayer) 

5c The 2nd strong magnetic pinned layer (strong magnetic pinned layer) 

6 1st Nonmagnetic Conductive Layer 

8 2nd Nonmagnetic Conductive Layer 

9 2nd Fixed Magnetic Layer 

9a The 3rd strong magnetic pinned layer (strong magnetic pinned layer) 
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9b The 2nd nonmagnetic interlayer (nonmagnetic interlayer) 

9c The 4th strong magnetic pinned layer (strong magnetic pinned layer) 

36 2nd Antiferromagnetism Layer 

10, 30, 40 Substrate 

1141 Antiferromagnetism layer 

12 A, 42 A 1st fixed magnetic layer 

12B, 42B Nonmagnetic interlayer 

12C, 42C 2nd fixed magnetic layer 

1 3 43 Nonmagnetic conductive layer 

7, 14, 44 Free magnetic layer 

44A The 2nd fi^ee magnetic layer 

44B Nonmagnetic interlayer 

44C The 1 st fi-ee magnetic layer 

15, 36, 45 Protective layer 

16, 38, 46 Layered product 

17, 32, 47 Hard bias layer 

18, 34, 48 Electrode layer (lead layer) 
18a, 34a, 48a Overlay section 
19,33,49 Interlayer 

74 76 Target 

Bl BAKKUDO layer (mean free path extension layer) 

SI Specular reflection layer (mean firee path extension layer) 
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iii^Siaiii{l:CC^J^>'C#'5 4><D<hT^C<!:;&5T^^ 
*/c. JliB<DXfc:•>/^'>l^':/^»jB«a*^K:*^c*r 
tfriB^i^aSfTfiJiSJiiur. ^®j^MB^^t:r 

^C<bCCi:«3. fl^^i-r^cfc^tC, (specul 
ar effect ) (^J:*)mt}\^itm^[^±'r^Cttfi'C^ 

[0 024] C C^. _hfBCO/^' KUfccfcCK^ffiSf^ 

> ( + Xt:->. ±l^#::^t:-> : up spin ) i^-^^;^!::- 

> (-Xb->. Tr^^Xb-> : down spin ) <D2aScr> 

<Z)^i^eStffi (mean free path) CDtf^^C^f LTiE 
[0 02 5] tS^»i?>Xb->CD{S*^^CC-oiir{i. ep^jo 

tf^t*. T';.r7*;^b>CDe«m^<D^i^afitfli<hl:b-< 

i^r (i. ^a5«i!icc J: r 7 y -?8ttB<De^b:&rfi]*ia 

r:7 y-fiSffii<DWb^r^;:)^S^^t*iic7)M{b^r^^c^ 
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m (AR/R) f)^i^^<rj::^^ 
[0 02 6] c cr. :7 -?saajicc^< .i. FS^JgJ^ 

*a)Sig®JS**?a* (specular effect ) ^^^^H^C 

^^afjiifia^^ooiffltMigCi^^b^^i: 0 rs)_b$ -6 c 
t^^-r^-S^ 30 

[0 02 8 ] ^ecc. y-et*ii^(:|gi^5n/c^>'^ ^ 

^>Vi-/UKacc<J:o-C. C>t>*0>^MMJSWS*l^ (spec 
ular effect ) ^^m^i±. T y \^'>(OBmm^<0 

[0 02 9] ^fc. _biacD^t•>^^v^:/^^ps^M^^ 
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[0 03 0] $ /c. ±lficDXt:'>^N';U::rM»MlKM^^ 
CC:tel^r«. B«riBjS?*?»tt®«. Pt. Pd. Rh. R 
u. Ir. Os. Au. Ag, Cr. Ni. Ne. A 
r. Xe, K rCD^^<D^i>?^j:< i4> lM^/c«2«tiJi 
(DTcIRi, Mn <!:^&^t?^^75p63^j:eci*5M*L/C^ 

-^m^ctsi^^ '}^iiCit%mmmrfx(Dm'^^^mit^'^^ 
[0 03 1 ] HuiBiiSii, ±iB<7:)i^-rn?5Hcfa4gc7:>;^f 

fch(Dx$>^o:>x. m^mm(on^mt}^m<. -^--yf 

[0 03 2] 

MR (giant maqnetoresitive ) ^^CD— j@"C* -So C 

[0 03 3] :^^B^<7:)ii 1 (ommmmco::^ \:::iy^^jvym 
am. $mnmmm. yv-mnmcomxmm^tixm 

tlfc7i< h (Bottom type ) X$>K^. 5 M 

m(^c^mii^mm^:rtLxj[m^ti. mn^mi<Dm^m 
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> KM (synthetic-ferri -pinned type ) t^tl^zy^ 

[0 0 3 4] aiccfcc^r. w-^i Sffi^Tj^Lr 

Tiife/l 1 0 aO_btc«. S?*S^ttJl 1 1 J&^^KJSa 
ti. jSaffltttHl lcD±tc«. H^l»ttlll 2 10 

A. 12B, 1 2C'f)m^^nxi.>^. c<Dmmmitm 

12 A. 12B. 1 2Cii. miCDS^ttHl 2 A 

mriBm 1 (Dmmmim i 2 AcD±tc#N«tt*raii 1 

tt® 1 2C<t*^63^cC-So C(D»2©H^ttJBl 2C© 
(D±m(fCU. mit^>dx}i^ (T a -Oxide ) i^f^tji^Wt 

itm 1 5 amm^tixi^^h. 
[0 03 5 ] ^Lx. ^1 cc^^cfc^ic. ^^mnmi 

1 <D—mi^^^mitB 1 5 a ^x<D^m(tcjz K> s ^^m^ 
(Dmmnm^m-r^mm^iet^miS.^tixi.^^^ c<d 

Hfir«. 0. 2-0. SumCDffiai-r-SO^ijif^U 30 

2 5 Qyc\<ommt^ ^<Di)mt. oik 

[0 036] Jtft. n-^l 7. 1 7«. F^'^^rrX 
6. v'^- K>'^VTXjl 1 7, 1 7«. 01^?n"riiJM^ 

1 6 (Dmmtm: ( h ^ --^ e7i|ii:^raJMWJ) a uri^ 
f&^tixi.>^o c<D^^-\'j^>(r:^mi 7 , i7±tc 

ti. Ta*/c«C r7&>^=>^j:S4>ra® 1 9*/M^rM=S® 
18. 1 8?!>iff^^^nri^^o 40 
( 0 0 3 7 ] S 1 l^CffsT^ ^ CC. ^^^mam 1 1 3!)^Tffl»J 

tC(iSr^5j^ h (Bottom type ) <DXf >/s;l/ 

a£Cc>ct-r^J^ei4® 1 1 cDhb^getT^^i^^c^ci^cJ:^ 

f^T^J:'5^c, mffiSl 8. 1 S(0^-J^-ly^^\ 

8 a. 1 8 a^StaUfc^>'--F^ KUB ICC^fli-T'SCi 50 
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[0 03 8] $6CcSf*ffl«:|ttq§-r^i. :*:mM(Dm 1(0 

J110a«. Ta3:c^*^6fl5^Sti-5Ci7&iirf^Ol^o 
$tfc. SufBS5Sei4»l Ui. SHftci 9<D4J*W^tc 

fcl^r. 8 0--1 1 0:f>:J/>; hD-AHSCDi^^ci:? 
P tMn^^rff^^Sn-SCiiO^W^OCio PtM 

n^^ict. m^'f)^h^mmmstiyxmm^tixi>^N 

r. X-Mn (fctcU. Xti. Pd. Ru. I r. R 

SrC^SIl^^^. X' -Pt-Mn (fc/c 

X' Pd. Ru. I r. Rh. Os. Au. A 
fir. Cr. Ni. Ar. Ne. Xe. KrCD^-^^e*?! 

^ti^^^xm^^tiXi.^xhJ:i.\ 
[0 03 9] ^/c. MiBP tMn-^^aJcO'IulBX-M 
rKD^-CTnSn-S^^tc^Jl^r. P t a5)€>l>«X;&i3 7 
~6 3M^=-%<OiliaT?^^Ci:0^M^ UC^o 
<^^. 4 7-5 7ilT-%0®fflt^^^o 56(CiS/c. 
X' -P t -Mn(D^T»^$n^^tC*5t^r. X' 4- 
P t:*i3 7 --6 3M^%CC>teH-C&-SC<i::0iSI^Llio 
cfc^$?^L<«. 4 7--5 7M^%<D3iffl-C^€>, $6 

cc. Mtax* - p t -Mnco^-r^^n-s^^t 

Ci. X' 3&50. 2-1 0M^%O«H'C«>'5C<h?&5M3£ 
LC^c fcfcO. X' *«Pd. Ru. I r. Rh. O s CD 

imi^jL±<Dm^fit. X' «0. 2— 4 OM^^CD^ffl-C 

*^c<b>&5ii$uwio pfiBJ^ai*® 1 1 tux. ilia 

111 1 ^f#-5>C<h;«>iiC^#-So t<^C^ PtMn^^-CA 

ntjf. 80 0 (oe) ^m^^^im^mn^mo. m 

n^^m^^mn^^ ^':ra y^ > 3 8 0 -Ci s 

i^xmi^^mtifc^mimi i^m^ct-^^x^^. c 

CC. 1 iOe) x.jVyf.9^y so AymX3b^, 
[ 0 0 4 0 ] ^ 1 :tei:0'm2(7:>S^^f4M 1 2 A. 12 

CU. ^mii»<Dmmt^(brj:K>. mt^!. co. nif 

e^^. CoNiFe-^. CoFe-^. CoNi^ 

^rj:t x]f^f^^ti. 10 — 3 0:t>y:^ h a-AfiSc/;) 

m;^ t$ti^c^f)m^o(.K mi<Dm^mmmi2A 

m^*CoA^6^j:0-e-<DIBJl3&5 1 3-1 5:t>i^y^ 
hn-ACC^^n^o ^/c. ^2CD@«effill2C 
U. m^UC o^^f^tj:K>^(DBm^^2 0--2 5:t>^X 
hn-Atcta^^n^^ ^/c. BiriB#fffl»»l3|ffljii 2 B 
Ru. Rh. Ir, Cr. Re. Cu CD -5-^1^^ 

I ^ 2 si^_bcD^^-cff^^ 5 n r c ^ -5 c 6 * u 
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[0 04 1 1^1 (ommmtm i 2 a^*. jsl^^ki*® 1 

C i Cc J: 0 , mfiaH 1 1 2 A £Jg^sai4® 

14® 1 2 CCDe^bti. m 1 <DH^S^ttJl 1 2 A<DSgt<bi 

ttji 1 2 A<omittm2(omMm\m 1 2 coeit^s 

1 (Dm^mnm 1 2 a i(D#ffi'c;^^i^^^^S'^a^ 

^car^. miBmi(om^m\±mi 2A:t6j:z^m2(Dm 20 
-mmnmi 2C(Dmitim^mmc^^^Lxm-::>ca 

[0 043] m 1 <D@^fi^t4M 1 2 A 

©a^ffii 1 2 c t<ommtt^miErj:mm[^^c 

ijXis6-2>CiCCi:-:,r. ^M^SSW (Hex) < 

v^. micommm^mi 2Atm2<Dmmm^mi 2 

mT^ct^cJ:^x. micDH^ei*® 1 2 A:tocJ:0'^ 
2cDg|^fiaEt4® 1 2 ccD«{b:&i^^. R^M©:&f^4c^jffli 

[0044] ^^m^mmm 1 3 c u (i^) #7&^6;^cc 

0. -ecOHmi. 2 0-^2 5:^>^X hn-ACC^5 

n€>o HfrfB:7y-«i4® 1 4w. 20— 5o^> 
^:^hti-M.mm(om^a^ti. mi(Dm^m^mi2 
A:h<kz>m2o:>mmmi^ 1 2ctmm<Dumrj:ar^m 

i^m±mmi^mf)^fbrj:K^ . au. Ag. c 4o 

r^. €?iI;^t^^coM/l3J>n 2-2 0:t>yx hd-ACc 

i9:S$tl^o {^g^l5«. TaX^^^J^C*:) . ^CD^M 

^Ib^n/c^fbii 1 5 aisnrc^-So */c. ccd 

\ 5\it. h'y y (m 1 tc4c5l^-CX 1 :^ 

[0 0 4 5 ] ^^Vr;<Tlftlll 7 ati. ^a5M*5<fcO'ffi 
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19«. 6«l^tiTa7&^6?^cO 5 0^>y>^ hP-AMS 
©MJ^i^n^o cne»^>'-<rxTi6]ll 7 a*5cfcUf* 

f^m 1 9 ti, f^IfiCD K (SoA-^ 

HI 7. 1 7<bjiI2Jl<bcDr^nfeffi;tfc3-t±'5Citc<i: 

0. >'^- F/N'-rrxji 17.1 7oa»i|^tt3&i^^b-r^ 

[0 04 6] mriB>^>- K>'^Vr XJll 7, 1 7{i. il 
IS:. 2 0 0--5 0 0 5h>yxhP-A^aC0J¥3i3 

C o-P t-^^-^C o-C r -P t^-^ 
Co-Cr-Ta ( a^NOU h - :27 d A - ^ > 

-Yr^J117. 17:;&^ MfriX iyj\^^cmit^tiXl>^ 

tcfijit^tiri^-So ctitc<j:o. S5rfa:7';-fittttJSi 4 

(D^l&ffltfb:/7r^a<E:mriBII2 <^)@^ei4Jl i 2 C(D@5£?K 
it:^\^tf)i9omx^m-r^m%ttj:'^xi.>^^ 

[0 04 7 ] HulBv'N- K>'^'-<rx©l 7. 1 7». f^iB 

y -mi^m i 4 ii^GPg^fiigcciBg^n. mriB:? v 
-s^ffil 1 4cDj®Ji:^r^tctfrfa^ y-ssi^ii 1 4o:)mm 

K^^VTX©1 7, 1 7 CD±ffi 1 7 b . 17b{3:. 

1 4<D±®1 4A<fc»)^S«l 0;&^6Bin 

tci^Lmc (-rrjity^. mixit±mi^c) ses^n. ttfta 

/^-hV^VTXjll 7. 1 7Cr>TffiU. frTiB:? U -Iffltt* 

»1 4(DTMcfcD4>S«l Offlrj(D{ajg^ i-Tf^tD^. M 
[0 04 8] as/c. m^tB>'^- H^^Wrx® 17. 1 7CD 

±M 1 7 b . 17b iwiaasi* 1 6 (ommt<Dm^}^. 
tit. mma^ i e <omm(o±^ i e a . i 6 a cfc o s« i 
offlj(D{ig (-TJ^ctD^. si-ciiTWJ) -c. mm 

(*1 6Ai6mraL/fcttgtc*st:fSMfa>'^-F^^-<r:^Jl 
17. 1 7<D^J:{4S O 1 (DC^d^rC^. K^'^Vrx 

mil, i7cD_b®i7b. I 7 h<Dmmm) j;:^Tm 
-rrxii 17. 1 iti^i^y ')-w^ 1 4tcf^ffi-r'5>ss 

6±a5{cffiig-r-2»±aJ->-;l'KJimc. /n- K/^'-Yrx 
ill 7. 1 liJ^^(OmirmWf^m3L^t\^rLL^C^-yX 

V V -m^m 1 4^cmio^mbmm^m>^^cttm 

C D Cc < < ^j: 0 . y --S^l*® 1 4*5#fiai^{b3 ti-^r 

< tji^tci^. mmy o-mam i 4cDfiaKSijffl^a»tc 

[0 04 9] ^fc. mmm is. l S C r . A u . 

mmi>o<^t^(D^mmxmf^^ti^ct(,c^K^. 
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CC X f ^ ;UfiS:g-r ^ C i CC <fc 0 5 n -5> C <!: CC 

[0 05 0] mmm is. i s anf* i e cD±Mtc 

8 a. 1 8 a^?e;iRur*jD. co^- 
/N'-U-f gjJl 8 a. 1 8 a;&^«jl^*l 6CC»«JK«3n 

CO 0 5 1 ] CCDJ;^CC:fw%'-U-fgpi 8 a. 18a 10 

s) *wwcc«^i^iii**»6<Die^?awco^*5c 

^-^L3^j:c^a553' (:^/^Mii8N) iTlf^Jf^^^n. fSSMJ^ 
[0 05 2] Jl^T. "^-r^d ^^::7'p::? r ^>»bi£CC 20 
[0 05 3] ;xcc. p^^SBiS^^/c^^^SiSRi^tCj: o 

[0054]^ ur . m»Mmm»±(^. »/^ f ^ 30 

[00 5 5] CcD^giJS^SI^^Jc-Si, fflJS«tCD**#3ft 

[0 056] :^§mxu. m:xn^mt>f^cictox 5 0 % 
mc^moxmm^^fcm^^^mmi^i: oxm^r 50 
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[0 05 7] 02 scc^fcfc^cc. mmmmsu. mm 

e<D±m(^Ci6^^X. :t-/^'>-^■Ya51 8 a. ISaCDff^ 

fiE3nrci3:cci i?*i*rsi (si -ccix 1:^1^) co 

"yy^mrw (^^B) <i:ia^&^3^j:h^':;^^(iS<!:t3:. 
y^^USt^. y^mTw (^SEB) cfcO^ 

C0 05 8 ] CtifCcfcO. mffi®18. 1 8 35r>6aJlf* 

1 6--^^^-fe>xiiii[£;&i. K>^^*^r>^;ll 7. 1 
i^iTri^xmrni^i e(icmti(iC< <rj:K>. ccD/^-F/^' 
-Yrxjsi 7. 1 7:&/^$■r^c. ics. ejc-fs 

1 6 <bm®l 18. 18 <!:CDS^ffifa^it:^-r# 

-yxmrnjir^^mm-r^^^-rtjif^^m^m^^Hs. 

MiS^Jl^CDi^- bieiafii^R s g i O/ct^. TIB— 

(Rs 1/H 1 ) / (Rs ^/Hff) ^0. 02 
(Rs IXH 1 (Rs g/Hfir) 71)^0. 0 2 ^^x. 
^m^.mMMlS. 1 8C0:t->'^'-U>faJl 8 a. 1 
8 a3&^6«£njitfH2>::^mSacr)lt^*:Ac# < ^^^mifi 

i©n:^i«>^/cfif)$f*U<;:cl^o ^/c. fulBHli. Mia 
Rs li, HirtBHfiri. fftaR s gi(DM(*«. Tia— 

(R s 1 1 ) / (Rs gr/Hfir) ^0. 01 

[0 060] EI 1 CC7fT-rfllSO>^ tz'ZyJ^jVzfmm 

^^1118. 1 8cDM^faii^i«^i(7:>>^[^® 
3jp6F^gp:/7f^ccf^:^^:> o rilii::&rS3CcMai-r ^ H 
1 . mmm is. is <Diy- vmsm^K s i . anf* 
1 ^(om^wmmwt(om\^mi)^f^^m-n\^^cmi)^-yx 
^ii::^r^cc^w-r'SS$*rAj:t)^^^^ij5H&^o. 2 

-0. b umCOmm. ^H^l 6CDe>'- hJfitnffi^R s 
1 5-2 5 Q/DcDlSHi u/ctir. Tta— 

(R s 1 /H 1)^1 um 

(R s 1 /H I ) 7&n Q/Mm^MA€>*i'^. '^ffi/l 1 
8. 1 8<D:f-^^'-^-/g^$l 8 a. 1 8 a e»?JfeniAtf 
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^l^<tj:{.K tfc. mfsBH 1 <b. mTgaR s 1 t<Dmmc 
*5C>t:. H^riBHff^O. 2-0. 5Mm<0ffiffl. miER 

(R s 1 /H 1 ) ^0. 5 Qyum 

[0 06 1 ] 8. 1 8cr>^->^^'-^-raJ 

18 a. I 8 ammtmmi^i emmt<otj:me{t. 

a . 18a (7)5tSa50/?^>&^« . 9tm^<0 V 
mSimRs \ifii^^<ti:'z>X. U gp 1 8 a . 

1 8 ait^^^ti7M^'\zlyXm:^^(DmSit^:K^ < tx^fc 

0<3^j:iio friBftS^JW. 7 0atJ:D^>^lriii© 

[0 06 21 ^1 iC^-ri«3^CDX f^v'NVUr/^^MSSm 
^R^tC^sC^T^. 8, 1 8 7&^6«®i*l 6tC-fe 

1 3 <h :7 U -ISttM 1 4 i<DW®. fcJ: 
0\ ^^SStt^mH 1 3 i^2<DS^ffil 1 2 C t(On 

»mT-c?:)»SL3C>iSc c i cc J: 0 . mmffiia^^^fbo . 30 
[ 0 0 6 3 ] S 1 (c^-r^igcDX f >>'>'Jl/:;^MilMSa^ 

*^-C«, KJl B 1 tC <fc r . l««ffitrtS»mCcaF 

^•r'2> + ;^f> (±r^|fXf> : up spin ) <Z)m^CC;te 
t:f^^i^gStf!I (mean free path) ^(Dt^-TC i;&5'C 
l^t)«5)^;^t">:7 (spin filter effe 

ct) tCct:OXh->>'>*;ur?'M»M^TCc:tei^r. :^^3^A 
R/R (igSi^^Cm) Sffi@[iHil^<btc^ttt&r 

[0 0 6 4] t(T. Xt:->:7 (spin filte 40 

r effect) liC-oi^^X^mt Ml k^. ;^ fc:>v^v^:/M 

7 (a) fi. K®<7);^j:Ci;?;f>>^<;l.:/^?l|M^M 
^^co^^^-r»TM^-C^O. mi (b) {i. :^^5feJf$ 
Site ^ X b- >^ N' :;^^»J3iM«^^^cD«?«^^-r »T® 
^r^^o ^7 (a) CC*5lir. tf^l 0 1 3^j:l>L 1 0 
4^*. 13 2 A^Cmi^fc^^v KUCDi^cCC^ee^CDX t:>>'< 
;l/:/M?^l!l?a»^-?-Cc*tf&-r€» ^O-c^>0 . 02 46cfc 
t:f -SH^fiStt® 1 0 2 Cf);!>^t>>3 tc. H 1 (om'mmxm 1 50 
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0 2 A tfmn.^mm i o 2 b ^^2 co@s«ttJi 1 0 

(synthetic-ferri-pinned type ) <!:$tl-5o 

[006 5] mm^nxnm\^n^ni<m:mmKGMK 

J:^fecD. 0^0. »tt«*4. ccx\xy ^)'-m^\ 
4(D?»{b::^ifi3Cc^f^c;^i::-> (m«+:5^t'> (Jn^j^ 

;:^f> : up spin ) ) ^J#o{^^m^CD^l^eStf^ 
(mean free path: A* ) <b. «ttivt*4©M^t*|fiJii» 
5mf3^j:Xf> (0(|^^^->^b-> (T[nl#;:^t:> : ck3wn s 
pin ) ) ^t^o{^2||m^C7)^J^afitffi (A- ) <!:<D^ 
^mm\^fch<OXh^, mi^C^^^X\X. up spin 
oe^m^^^Jir^j^^En-C^L. down spin ^f^-^fc* 

[0 06 6] m^35i>' ^)-msLmiA^m^im^^L 
cD^c>ptur. -xf>^^omT-cD^i^ei?fliA- *i 

[0 06 7] :*:||M?f^.^JC*5l^r {i. -y U -SSt^M 1 4 

(O^i^efttffiA- J:0fe7^c€r<, 5 0:t>i^;^ha- 
A^Sr*6 + ;:^f>1|^<3!)^l^eStfflA* J: D 4>/Jn 

WL^^^JT : minority carrier) CCD:? 'J -1514© 

1 4Ccj:-c>rW^cc:/n :/ (•r3^d:^'^:7 >fu^ • 

maiority carrier) *SW(C. CCOr? U — fflrttJS 1 

[0 06 8] m2(om'mmm\ zcx^^t^^ik^ 

1 2C(DSS{b:;^f^CcMir.-r^ + :^b*>m^4c5<i:^'-Xf 

y-et^ni 4<D^{t5&i[pii£'r^i#cc. -en-^'tij^^ 

C 0 0 6 9 ] y^) -^ffil 1 4 611 2 cDg^^ttil 1 

2C(iC\^i)^-yx^^-t^m^hGUKt^m^^hi)^. m 

5 J, +Xb->m^O^<*:-Xb->^^<DS:i7&5^L/l^CO 
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[0 07 0] m2<Dm^m^ i 2 c-c^^o. ^m\^ 
^-T-<z)Stcd:. m2(Dmmmiim 1 2 c ii^estt^'^© 1 

f >m^^«. V -mms 1 4 iOI^M^cSiJ^f^ 

m^^i^mtfC^mnmrnm 1 3 <l^2 os^^ffii 1 2 c 

[0 07 1 ] l|2<DH^tt«l 2C'r|%*0/cS^S[:¥ 

[0 07 2] ^7 (b ) tcij^-rJ:^tc. yo- 

ISttill 4^jlML/t + Xfc;->li^-«. ^FBBl 

m^. mi (a) ccTH-Tcfc^cc. yv-mi^mi 30 
MB I ^^^^fcm^. mi ih) cc^*r<^'5cc. 3i»n^ 

[0 0 7 3]— 9\-&mw^mm'r^cti^cj:^. y 
-attn 1 4 (Dieii::^!^^^^!!!^^- ^ i . c (ommtn 

X b>m^:^5r7 U -Mffil 1 4 c*3-CfS(gL^'5 C t (rCfj: 40 

AR/R (Stx^^b^) (Z>;^^3^j:GMR^^ 
^tl?|fJ"r'5>C<b7&5r#, Xb->7A';l.:r^?iM^-^<DM^ 

[0 07 4] c cr. mti<orty>^ h »; -tciJSf -6 

y V -mi^m 1 40^«lWbMr <D:&l^5Ci5»^^;t^ 50 
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cI:^-b>xmS^M»H, H^SBitt;il2A. 12 
B. 1 2 COH:E«{t«:<fc^JSfi5W (?J(®^) «WHa 

t.yv-miimi4tmmmimi2A. i2b. i 

2C<!:(DJimBSf^fflCcJ:^taSi^ffimWH,„, 

€>o cn6(D®^:?5>:'6o:7 1 4<^^sb?aai{bM 

^?&5En»n5n>:ci^i*<s-t?. h, + h, + Hi„t =o 

[0 07 5] C cr. :2(s:||Ji?KJ!gOX \i'>^^)V^mmm 
la^^^tCfcl^r^. m 1 (DHSfiatttil 1 2A<i:. HI 

(omj^i^m 1 2 Acc#N?»tt«t>ra© i 2 b ^/M/Tj^^k 

m 1 cDH^attJl 1 2 Acr)^S{b::^(^<hJS^tftcsat 
{b*i^>&^jgfl^6n/ci^2<D@^?attii 1 2ci^s®<* 
1 6 ^mmvm^m^m^^f&r:^ vmmm^ $nr 

^-5^®. '>>*feT-^ ^-7:1: y b-> 

( syntheti c-f erri -pi nned type ) ib/cCiCCj:^. 

111 <7:>@^?s^ji 1 2 Ao:>m^m^^m^M,^ tm2(Dm 
^ffii 1 2 c (Dmmm^m^M,, i ;c j: 0 . ^as^cfr 

y-^tiil 1 4cD^S6«{b:&isjtcS»^^^roif^M 
(>tX@T-) C3tt3!H, =0<i:-r^Ci;&i'C 

Ha :fy^h<D. y v-mnm 14 (D^mitMr ^<o^^ 
[0 07 6] ^^tc, ri^>^ h y-cci^-r-i>'fe>xm 

-S. S9«. -'^-.^^ FJSB UCcfc^r. •te>y^mSfeJCC 
(a) /^-•:/^^F®(D)^cl=»;:^b•>/^';^::;'M»jesafl* 

"f-o^m^^Tmi^Mi^m (abs®) (cmm.rj:mmmm 

S9 (b) :teJ:0'ia9 (c) :*^^?l§CC 
*jt:f X b- V^^^^P^StiUMSBl^^T-Ot^^Tj^-r^^^fil 
M (ABSM) ^c^ii:J^j:m»TMS-C*'S. 
[0 0 7 7 ] S9 (a) tc4k5l>r. t^-^ 1 0 1 J^iC^U 1 

0 4ti. ^2 4tC^^LA:>'^'^;d? F®<D/j:liS£*(D>^ b-> 

*5t:f ^a^fi^H 1 0 2 <D^^t:> 0 iC. HI (Z)@SeStt@ 

1 0 2 A i^^Sattt^fai® 1 0 2 B <hm2 CDHSettfl 1 

> FM ( syntheti c- f erri -pi nned type ) ^^tt^o 
[ 0 0 7 8 ] S 9 ( a ) CCTn-rO: ^ ^'n' :/ F^Oi^ 

h A 5? ^ y'(D:^ \^'>^^)\^y'mmmmi^^ci6i<^xf,t. 
^mi±m 10 1. HI (DmmmmM i o 2 a. ^^estt 

*r^M 1 0 2 B . m2(Dmmmi±m 102c. i^sstt^^ 

m®l0 3. :7 «;>^«ttJi 1 0 4Cc-b>:^miJ^J 
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^^o:>m<ormatmm<Di^^tj:m^m\±m i o i f)m 

&LXi.>%fcib. 'fe>;^mi^SJ«. ^tiXttiLi.>y 0- 
[0 0 7 9] cntc^LT. *^iS?B,®cc*5iir(s. s 

9(b) tc^-r cfc ^ tc. 1 6 (DS-bSPtC^N* v ^ F 

JIB 1 ^^C:f/c:C<t&Cj:0. CCD^Hf* 1 6 (D^^lfecfj.Cx 

Itit^. H2>xm«SSWH3 ?5^60ia9CC4cJt:t^^:;^ 

xmijfeiSii^^. c5t^H3 = 0 i-r^ciJ&i^^^o 20 
[0 080] m^^t^^tiit^. 09(b) tc^t'-fe >:^m 
T)illJ 1 3 t^^ -J ^ KUB 1 iCC:teC> 

^9 (c) ic^-r<:fc^tc. -en^ni^:&r^cD^2ftj 

-So C©C<bCC<fc»3. ::?U-fi814Jll 4CC*$t:f-S-fe>x 

[0 08 1 ] u/c>&ior. ±^o/c. 08JC7j^-r:7 y — 30 

A. 1 2 1 2CO@^e{l:tCi;-5J^^ mWf-^ 

mi4tm^m\mi2A. 12B. 1 2C<i:(D®rd5ffl 
CiCCAj:^,^ 40 

[0 0 8 2 ] Lfcf)^-oX. :^\z:yj^)i'y'mmm^'¥'mi^ 

:7 y -mi^m 1 4(D^S5e{l:Mr ^ 1 (fC^i-T^X 1 
cci5i^:^r^<b3^j:5J:^tc. F^^vrxll 1 7 , 17 
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itMr f)\ m2(Dm^m\±mi2C(om^mitM, ijs 

[0 08 3] CC-C. CCD;^b*>>''<;l/:/M^!g^^«. 

mi^TTk-rx^^. K>'NVr >^Jii 7. i7<d±cc 
?F^^$ n/c^M 18. 18 i)mm{^ 1 e o±fflijcc^ai 

Uife:^-->'^'-^-fa5 1 8 a. I8a^^OrC^-2>o CCO 
Zed?). mSMl 8. 1 8*:»e). ^2<D@«?effill 2. 
^^Mtt^m^ 13. y^)- (Free) 1 4 iC^ltHm 

-e'<7:>:A:g|5^A«. CCD3|--y^*- U^gPl 8 a, 18a 

35^6fiiii*i e^c^jfeAT-sciccT^cC'So ccofci^. yo 

'So 

[0 08 4] y y-sattil 1 4^mcMor'fe>;^^^ 
fjiK^. yv -m\^m 1 4:^i*cc*5C^rsat{b:&rfii<Dm«: 

[0 0 8 5 ] b/c*ior. :7';-?Si4JPl 4|^tce^*i 

ihU. eS^iHli^^®^*;&>e)CDm-^^M^c4iJtt-S^S14 (st 
ability) (DfajJi^S^C iT&i-ClT^o 
[008 6] *IISfi?K?ISCc*jt:f -5^; f^yNVl/-:/^ 

[0 08 7] :*^JK^CCfcl^r Xt:'>/>*>H/>^^|g|B« 

m oa<£:. 1^. m\(ommmm \ 2 

Ai. ^m\±^f^mi2BL. ^2CD@^M1^12C 
#^SS14#^I11 3 :7 r;-?gst4® 1 ^^-ji^ 
YMBl «gWl ^{bjll Sai^^^-r-Sa 

JIM 16' ^ff^^-r^xfii. futaiiJiMie- (dJijc 

tulEfiJlMl 6' CC^r^-r^Tffi^iHiU05A^^7 2 a. 
7 2 aCDJf^fiX^n/cU >' ^ Ui^X h 7 2^ff^^-r^ 

xfg<b. mt^')y v^yviy^^hi 2t^cwtytix\.>ti:\.> 
as^^. mrifiM^sg^ttil 1 10— ^^^br^^b. Bg 
mm(ommw 1 6 ^ff^^-r -sxigi . tufs«iii* 1 e 

oOMffiiJCc. Kv>'-rrxJll 7. 1 7^, Bute-::? 

Xlii. ijiB>'^-- F-^Wr^^m 7. 17±. :teJ:0\ 
HUtaU":? h7 2c7>^Oi5.-5?^^^|57 2 a. 7 2 

a cc^rs-rsBfriBajn* 1 6_h(c. mmm 1 8 . 1 8 ^ 
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[0 0 8 8] ^f!>(,cmm^cim^^t. ^r. 02tc^ 

1 1 <b. ccDK^mitmi itmuxmiSL^ti. m^si 
^^ffii 1 1 t(DSttPim^mmc^^mit-:^\^i)m^^ 
ti^m 1 (om^mtm 1 2 a i . ^mt^wam 1 2 b 
<h , mnm 1 ©@s«i4Ji 1 2 Aossfk:^^^) <t s¥tf 5c 
^{b^r^^^fij^ 6n/cm2 cDS^atiJi 1 2 c i . Bute 
^2 oia^Ma© 1 2 ccc#N«i4«mii 1 3 ^iftLxm 
m^ti. mmm 2 <Dmmm&m 1 2 c <dss^ b:&roi i3KM 10 

^m^^^H^U. 0. 2-0. 5 Mm(Dffiffli$ti^ 

[0 08 9] ^XCC. T-CCCf^^^^^COjSlJcDatJSfflt^-^ 

2^?^fi£'r'So 

CO 0 9 0 ] S2CC^-rJ:^CC. C<D»; h:t:7 u^^x 

h 7 2 vy-j t^mi\^ m^x 1 :^fnj) (om^}^K 

OT®iC«. WOii^gPT 2a, 7 2 a>&i?K^$nri> 

CCOmK^h^Ul 2 a. 7 2 ati. M^IS 1 6' CD 

'y%!ms.mms±}ai. flrrtBu:? hit^i/i^;^ h 7 2tcj: 30 

^Ccan^o CCDiH^aR2CCj;«9, f^CDtf^ir?g^3 

[0 09 1 ] ;^cc, saccTjs-r cfc^tc. -Yr^-^^ y>y 
5^ettai icDTfflfjco— aJ^^LrglJOaA^-cm;l^*l 

1 6<DMfflJCC>''»Vr;^T^Jll 7 a. 17 a. FVn' 

-<rxigi7. 1 7. cpram 9^^M-r^. 40 

.^rti. F>'^'>rT^M 1 7. 17<D^^*5j:0\ M 

(DXfi-rtf^Dn-smffiii 18. 1 s(DiSM<D^^i^^ 
$ {i^ ti 6 ^ ffl;^-^t)i±/c;^ ^ ^ ffir ^ -5 c <t 

[009 2] S4CC7K-r J: ^CC. ^Sfeff^fte-C^. 

($1 ecDff^^^n/cSffii 0^. /N-K^wrx^i 
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7. 1 7^;sMr'5c<!:?&s-c#'6. L/c3&ior. mm» 

957 2 arttCv'A- F>'^Vr;^Jll 7. 17;&^A03A^r 
^JsKSn-SCiJ&^^iC^o ^c*5. y :7 F:^::' U>^>^ h 7 2 
_btcfc. >'^'-/r:^Ttft® 1 7 a. .'n- F-'^VTXJll 
7. ct^rajll 9chf^Dffl^(7)®l 7a' . 1 7* . 1 

[0 0 9 3] ;>C^. ^5CCJ:^^c. 8friBS®«sl 6CC» 

ir^^m^ wojA<?^$i57 2 aL^H^cnm-r^mtzm 

5 a. i^mmi ^^J^U^^v^ YMBKO—m^^^i^ 
m@Jl 1 8 f)mm^^ V FUB 1 CcgM-r '59555'^ 

[0 09 4] $^E>cc. ^ecc^-rjr^^c. H^te^M^ci 
6tc>ptLrMi6*f^*>6. F^^'^r;:^Jl i 7±ccm 

i*l 6±«:^Cf 6nfcy:7 F:t>' F 7 2O^0ii 

^957 2 aP^tC^-C^Jf^-r^o CCr. . 

1 6 ;&^ff^fiK3n/cS® 1 0 tc^u. m®i 1 8cDjfa^-e 

'Bl^^fx^c^-'f J F 7 6^l4fi6^c<^C:tr. MtB^-^ 
F 7 6 ^ialBSS 1 0±r^S&S/cti(eI^5-t±?^cC*i 

- F^^•-i^r;5^H 1 7±cc^M-r<bo 
[0 0 9 5] coi^. i4^^):&r^iI*^e>;^>'^••:' af^ti^m 
®ii8^i. F>'>vrxpii 7±cD^Aj:6-r. mm 

W \ 6(D±tC?f^^3n/cU-:;^X F®7 2(DW0ii^gP7 

2 a|*iSP«:t>SAL/'r^$n. :t->'^*-U-rWl 8 a 

^^f^^-r^o ■r^^c*^'^. mrt^^^':l3A^a57 2 af^tcj^xM 

an/c^ffiJll 8CD:f->'^'-U-rgPl 8 a». SJ1«: 1 
HI 8(D^-/^*-^>ra51 8 a. ISa^Mi^^f*! 

^m^h(Dtsitne\t.. 4 5S-7oe[©iBH<b$n^ 

[0 09 6 ] >:c*J. SB-Ct^:. \ O^S^LTi^- 
F 7 6 ^<L<om^ 1 0 CC^Lr^4»5>CC^Itti^ /ctilU 

e$'ii-rci^;&^ > F7 e^a^ursffii oflW 

lK$-t±r fcJ:C>o CCDilf. F 7 6<D^Di<hS 

«1 OiCOJ^JT-r^S, -rs^jr^D-^. X/>-':.i5r«!t^<DM«:^ 
l^^^ib^nmt. 2 0^-5 Og<DaEH'C*€>C<t7&5 

^mm-r^cti^^x^^. ^tc ^6cc7n-r<fc^cc, y 
•:7 F:t:7 h 7 2(D±(Dii 1 9* ^c«. mmm 1 8 

<i:|5)Diffi^(Dlll 8' :0i?KJa5n^c 

[oo9 7]^ur. yscoxfir^s. s6c<:^-ry:7F 

^7U2^;^F7 2^. F§fJ^fS^ffll^/X3j>56y 
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[0 098 ] 1 8 CC*st:r-5:*'- 

:ty \y^j>y. hi 2(Db'7y ^myj\^(om-tmR i ^m-t 

^S^f^Ci^CjrO. 0. 03/um--0. IOmiuCC 
[0 09 9] CCr. CCD^->'S^U-/§P7 2 aOOh^ 

U-fSBl 8a<Oh'^ ':.^i!ii*rPl^S*^ 0. lO/imJ^ 

m 8^;^/N--^d?fiRi«-r^i£:^x>^*'So c<dj#^. W3 

iA^^7 2 SLj^mc^-c^^tjim^^m-r ^mmm i 8 

^ff^^T'5C<5:;&i'C^J^j:< ^^C-S. ^SH 1 8 <D:t-^^'- 
U>riH518a. 1 8 a^®i«H(tl 6«MtODAj:-rft 

--UH^gPl 8 aOTPtCttgT'SliMi*! 6 (GMR 

[0 10 0] :^mmBmc^i^^::Mz'>^<jv^mmmm 

7 2 ^— Pje^-r^<D^-C, SJlf*16. v'N— F/nVT 

7 . m®i 1 8 ^wrmommcm^-r ^ 

0<t(DftS*<gi4$l^>^j:i^*^^/c{3:«^4$i±/c«J8S-C>» 30 

Txji 1 7 1 8 ^mm(ommcmf&T^(D 

[0101] c(Dj:i^fj::^\:^>j^)vymmmmMm'T' 
«®»i eoMM^^p^flJAS^^^ccr^wrajifti 6 

CD^MtCJim-r-S^f-^^-b^^l 8 a. 18 a ^<t^ 

fitmmmm^^ti. :t'-^^*-^-Ya5l sa. isaoT 

[0 10 2] L^^'b. cco;^t•>v'^v^r^M^Memm-?• 

^sjgi 8. 1 8(Dmmmmi^t(DM\^m^^h^ 
Wjmci^:^^^xmmy^m(tcma'r^m^^H I . mm 
m 8, 1 8cDt^- h^siniii^R s 1 . mmi;^! eo:>m 
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hlgtaffl^R s g iL/ci^. (R s 1 /H 1 ) / 
(Rsg/Hgr)^0. 0 2-C^5n^KH^^Wr^4> 
O-e^^Or. ^^•-^'N'-U-fgiJl 8 a. 18a:^e>*^n 

>'^'-Yrx^ll 7 ^^SLri}!£nj2itffe>xmijf£0:^iif£^& 
u H^as 1 8 a . 18a oyT^i^^m.'^r ^^^m^m^^m. 

^{bT^^^f^i U . X f > >'^';^ ::^M»JB?a^T-<OUi;tJiRFtt 

[0103] $65c. ccD>^tr>/'«;u:rM»iB?a«3R^ 
mflBH 1 <h. miERs 1 <b. mffBHgi. mriER s 
g <bCOMi^tC:telir. (R s I /H 1 ) / (R s fir/H 

&) ^0. 0 i-r^^n^ga^^^wr-sfeoT^^o 

-C. :t->'^*-^-fa51 8 a. 1 8 a7&>6^n3Zitffe>X 
[ 0 1 0 4 ] ^/c. Cco>; t:'>>'^'>'L':/MPSJ®?Sm^^ 

Ml 8. 1 a<oiy- vmam^K s 1 . mmwi ^(om 

tCjitH-r^:gS'r35:*D^*^iS$Hg^O. 2-0. 5 
//nKDifiH. SUftl 6<DV- hffiCxffi^R s ^ 1 5 

—2 5 Q/n(D®ai u/ci#. m^n 1 8 <Dx 1 :^f^ 

CD#(iS$^/cO<Offitxfii (R s 1/H 1 ) ^ 1 Q/m 

8 a. 18 a7&^6{Jfen3Ziti'-fe>xm?JSE^CDSta^^i^-r 

[0105] $6tc. CO;^t:*>>'^;l/::rM»fliSSt^^T- 
t*. mfiBH 1 B^fiBR s 1 icD^^^OCfcC^^r. buIBH 
ff^O. 2-^0. 5 /zmOfBffi. ffriBR s fiT^ 1 5 — 2 
5Q/ncDiBHib/c<i:#. ( R s 1 /H 1 ) ^ 0 . 5 

>'^'-^-r3Pl 8 a. 1 8 a3&^^ijfetliitp42>xmflte'^C0 

[0 106]$^^fC. CCDy^fc•>>'^';^>^M^|gS5^^ 

ccfct^roi. m^/lc7:)HuiB:^^->^^'-^'ra5l 8 a. 18 
aaM<tSll«:l e^MicOJtc-rft*^. 4 5^-7 OS 
CDliffii ^nn^^cD-C. — 1 8 a . 18 
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CO 1 0 7 ] ±i^U/i:J:^tC. CCDX tT^.'Sil/zTMafiS 
iS^aM^^tDlf K »; - J: 0 — il^llWtc 

[0108] feiT. *^?90^2||jfi?!^SS^S:, SWcS 

B/ci#^(^«a^^L/c»r®^r3b^„ S 1 O^Ctj^-TJ: 

^tm^dC. ^<hJ»m (Bottontvpe ) (Diylyizr^ ^ y 
4':7ji<Jtf>FM (synthetric-ferrinainned sp1n-valv 

es) isnri^^o mi 0dcmLfcm2mmmm<D::^}c' 20 

^<hC6«. V>-f2f^^ Vr? (syntheti 

c-ferri-free spin-valves) t ^ tlfcV V --M^M(tCm 

CO 10 9] g|10tC*Jlir. ##4 0«. 

Tmm^rO a<D±(fat. ^^mi^mA im^^.^ 

ti. 3 S^?aat14e4 l(D_b(C(i. @S?8BH4)14 2 

A. 4 2 B, 4 2C:!&s?|5^3nrt^-5o COa^ettiB 30 

4 2 A. 4 2B. 4 2cti. m I (Dmmmi^m 4 2 A 
t . BuiBH 1 (Dmmmim 4 2 a cDjitc^^?8Bti4ctiraji 4 

2B^/M>r?i^«Stl. S9i2MlCDll^ttJa4 2A<D 

nm4 2Ct:^^fbrji^. 
CO 1 1 0] C<Dm2(Dm^mm4 2C(0±(fCU. C 

mm^rixi.^^. c<Dy v-mms4 4{^. m2. m 

1 y-fi^tt;i4 4 A. 4 4C:0^INSStii^iraM4 4 8^ 40 

irrLX2-D(,c^m^tixmf^^tixi.>^. mi. m2v 

•;-iS5tt;i4 4C, 4 4A«. ffltfbCDlPl^;^ 1 8 0- ^ 

m4 4C(o±.i^cu. mMm.mms itm^^f^ti. m%^m 

tSJS*t®S 1CD±CC«. T a.tj:EX^^)i^^tlfcUWm4 
a -Oxide ) 7!>^6?:c^^{l:;i4 5 ^nrc^^o ^1 

o(C/Wj: ^^c. js?^^ttii4 1 <o-'Uf)^hmitm4 5 
f*4 eT&i^^anri^-So so 
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CO 1 1 1 ] $/c. t^-^4 7. 4 7ti>'^- ^V^'•Yr>^ 

Ji. 4 8. 4 8jimsjs. 4 g^ict^r^n^^Lrc^^, 

Cne>v K>'^'-<r;5^ll4 7. 4 7«. S®(*4 6(D 
]^ffliJ{4gK:5gDmbri^-5JS^»14®4 l±tc^^Vr:^ 
Ttt/14 7 a^/^Lrff^^anrl^^„ c<7:)>'^- 

T;:^I14 7. 4 7±CC«. Ta7&>63^j:-5tpr^J14 9^S:/^ 

orm®«4 8, 4 8?&^^)S3nrii-So 

[0112] CCr. Ttfell4 0 a. ^effil4 1 . 

mi<Dm&msEm4 2A. $m^^mm4 2B, mzco 
Hsi8i4®4 2c. #fet4»mji4 3. umm4 5. S 

;i{*46, K>'>vrx;i4 7. m@J14 8. :^-->'>' 

-u-ra54 8 a. tfiraja4 9«. ^n^n. su^jrcib 
s 6 ccTK-^iif 1 mmmmitc^t,^^ ^Tf&m i o a , 
14® 1 1 . mi (Dmmmi^m i 2 a. ^mi^^mm 1 2 
B. m2(Dm^mi±m 12c. 13. y 

-«ffiai4, ffisjiis. a®«ci6. /^-^v'«>rr 

;^®17. liS©18. :tw^•-^-<aJl 8 a. ^fffllg 

CO 1 1 3] m2'y v-m^4 4A^j:io^mi yv- 
m^m4 4 mi mmmim<Dy 0 -m^m 1 4 ti^ 

^^n^o */c. ^mii^mm4 4B\it. ru. Rh. 

Ir. Cr. Re. C uCO-^ ^ 1 M*'Sl^«2aJtU±cD 

[0114] ^fc. mi y v-mmM44C:^jzi^m2 
yv-mi^m4 4Aict. ^n-en2Ji-cff^^5n'5ci 

^-C^^a ^1 r7ij>-?S^^;i4 4CfccfcO'^2:7 U-ia 
14J14 4A(D. ^N?att4JraJ14 4B*jJ:?>'^MJS«^®S 

cDi ur4><J:C^o cnccj:«p. |^ l . ^2:7^-^14® 

racDj^wte-^^^^ br # i i ^ tc . 0m^^mm 4 
^fc. ^mnmmm4 3(,cm'r^m(>ccom^m 

CO 1 1 5 ] ^ »;-»ffig4 4K:4»C^r5i. II2:7U'- 

e^©4 4 A<Dea<b7^^qJ:^^>'^- F>'^'-rr;^/l4 7cDsa^ 
(cj:-5rs^x i:^r^ica^$n. m ';-affii4 
4C<D?afb*r&j*iS7j^x 1 :^rfii<tj^75rr^tc@^$nr 
C^-So ^1 t;--ettJt4 4C(^. (RK 
KYtasf^ffi) ccj:orll2:7 y^«'ttJi4 4A<hiKm 
WCdS-^snr. isti^x i:^r6j<DR*f:&r^5csBWb3n/c 
tmtrx^xi.^^. m2y 'J -m^m 4 4 A:f6j:z/m I 
y v-mi^m4 4s<Dmmt. y x^vui^^m^fji^i 

[0116] ^/c. ^2:7 •;-SSt14il44 Aim U 
-^14/14 4CCDi¥^&i^^cCor?g^5n. m2:7y- 
^t4lt4 4 ACOm^f)^ 1 :7 i; -?SS14I14 4 C<30/1$ cfc 
0^;^<h5nri>'5)o C(Dfcisb. SS^bO;^^ ^ iJKD/iC 
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-mnm4 4C(o^m^'e-^>h<D^f&^-^>h(o 

-5), CCD/c^^). mJlcD:7 'J-®ttll<Dti'^J:0 GM 

CO 1 1 7] is/t, *^?g<s«:*jc>rw. w-msmn 
m^^mtLx. fufHm2 :7 1; -m^m4 4 c<D±(,cm 

5--5 oo:f >i^:^ hn-A(D«H{cig:S$n 

[0 118] ctD^'^^c^isrr^cttfC^^ . mrn^m 
us ui. yv -mi±m4 4 ^mm^mms 1 ^(D^m 

m4 4 tmmmm s 1 icD^Mf^Mcc^si^r ;^ e>cD 
[0 119] ccr. iE^m^^xb-><DR^^«if b 

y-SattjS4 4«a»3:c«mi*-C^'ScDCC^ 

[0 12 0] c.(om^%^^mtc^mwmmL\ux\x. 

a-Fe,03. NiO. CoO. Co-Fe-O. Co 
-Fe~Ni-0. A1,0,. A 1 - Q- O ( C CCQ 40 
«B, Si. N. Ti. V. Cr. Mn. Fe. Co. 

\^ \ti^^m\R^n^—m^x±^ . r-o (ccrRt^T 

i, V. Cr. Zr. Nb. Mo. Hf. Ta. W:0^6 

iifR^n-s ligfe^i:) m<om\m.. a i - n. a i - q 

-N (CCCQCSB. Si. O. Ti. V. Cr. M 
n. Fe. Co. N i /)>63MtR3n^— ®ii(_b) . R- 
N (CC^RtiTi. V. Cr. Zr. Nb. Mo. H 

f. Ta. w;j>>6jiiR?n^ 1 Mi^±) ^(omtim^ 
m^^cttf^x^. c.<D^^f^mmmc^-:^x. mm 
m^ms i^«^reci*5-c#eo so 
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[0 1 2 1 ] as /c. 2t:ii«sjgfiS(c*5i^T«. wmmMm 

: up spin ) <D^-^{C*5C:t^^i^aStfli (me 
an free path) ^<D(iL/. li*D*5>^^MSW^I!l:l& (spec 
ular reflecvion effect) tc J: 0 :^ t:•>>'^';^':/M^MSa 

[0122] fe^T. ^®J^S4^:^ (specular reflecyio 
n effect) tCOC*riJi§g'r -So EI 1 1 xe>/<;b:/ 

(a) ^Mi^M©^J:c^;<e>/^'J^:/^^SlBS5m« 
^<Dm^-r»T®^-c^«5. SI 1 (b) 
irn^^^-) -5 X f >>'^';^ >^MSISSS^^<DWl^ij^-riK® 

;rci:^cc. GMR^l^ccti. Iir 2 coS^e^^f^Jl 4 2 C O 
[0123] ^^i«^(DEn»n5n3^«ci^tmr«. n i i 

( a ) . ( b ) (C^-r<fc ^ CC. 4 3 

')-W&m4 4\^i^xnmrt^. ^or. 

4 4i^gp^^«)Lr (*ll;^?f^?2g^c4c5i^r^iii2^ 

^114 4 c. mmm^m4 4'B. ^miy ')-w&m 

4 4A^jIl{CaliaUr) . :7 U-ei4jl4 4 i^ffiJSS* 
US 1 L(onm\^mcmAtr^. 011 (a) iCTj^-rJ: 

'}-W^m4 4^^lS.my. ^(D±MCC*5C^rtS(SLLr 
0^-5 a C©/c«>. ^±&BStfli«^l 1 (a) CCTnT 

A* iJtc-orii^o — 01 1 (b) KiTjK-rj:^^. 

^MJ^JIS l<D*^*^tC5i. y^)-W&m4 4Lm 
tiTC^-S/ca?). +;^fc">«T-;&^ :7';-ettjS4 4ia 

[0124] e«m^*i«aofcii^(c«. -ecD 

^) ti^^b-r-So L^^U. ^ffitJ(gLU/ci#^tC(*. CCD 

ffil4 4ct:i^^S5-r'5>C<i:Cc:^j:^o o^O. ^®Sf=fCC 
J:or«. f^zJI^^^^ ;^e>t^Si;^^ib-r€>CiAj: 
<. tfeSLbAj::0^r>/cJ:^Cc:7 t;^et4il4 4 

11(b) ^c^-Tcfc^^c. iiMSI^U/c^^'. JSi^^i^a 

^ A * s ttvt s s^ffi;&^5^ o^/c c i ^ mm^ ^ « 

[0 12 5] COct^tCUT. +;5^b*>m^«. M®J^ 
f^HS 1 ^i^C:t/cC<i:^Cj:«5. Jg*f^i^SStfli A 

L/cAior. ilM^Sfi/lS 1 ^iS:t:f5C<b 
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[0 1 2 6 3 —^. 51-SU»W^En»aT'5CiCCcfcD. :7 

[0 12 7] CCDJ: -5 tc. :^*feff^.^<DX t:*>y>';u:/^ 
^^<D¥l^eStfli^:^itiCC52£ti-rC tf)SX^^(DX. 

J14 ABtmicov ^)-m!iSMA Aotxr ■7*xf> 

J^«tt®4 1<D±^. 0lH^?ai4jl4 2 A. i¥ 
l:7U-»14»4 4C. «®JSitBSl. mmA^ffi 30 

':rmnmm^^tmmi:m^ticm^x. wtcd^i^^s 
tt^n^o -rtaf:)^. -»-^'r^ y^y^V'yv-m 

( synttieti c-f erri-f ree sp1 n-val ves) i $ ^aT I ^ ^ /c 

i^iC. v^^A^igin^fb^ (AR/R) ^m^Ct^^-nJ 40 
^tc;^^^. ^/c. I^eii4^^/14 4B:tecl:0'^l<D>' y 

[ 0 1 3 0 ] ^/c. r v'*:^ fXOe^^T-:^^. :7 'j - 
SStt®4 4 i^Mj^f^MS 1 i<D^ffi{^ifirMMj^t^^ 
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^(^ci6i^h^i^B^'iymo:>nmm^i^^<rj:^x. 

[0131] luT. :^mi(Dm3mmmm^. mmt^cm 
r^i.^xmrn-r^o 

msmmmm'i lai 2«. :^mM<Dm3mmf[m<o::^ 

ifiztrntE-r^fc^^. y ^}-mi\m/$}Fymmmm/ 

m'&WBm<o3m<om.^'^i)^ i mx^^^^> 
j^ji'ymmm^m^t.im.i^x. i^^ts:wsm\mtm 
nx^. ■mmmmdcn^^s-c^^'^cDLtji^xi.^^^ * 

ur. ^^-\'j^^rxmf>^m^htxx\.>^'^o:>x;hho 
[0132] cco;?^ f>^N';u:7^^^jgMM^^ni. g 

®4. IS 1 @^?aSttJl 5 . Cufj:i'jCr>6>:c-S^UNl«14 
m^mnm ) 3 S Si?>'T a i 6 Aj: ^^glB 3 6 

^^xmm^inxj[^iiSL^tifcmmw3Si^. c(ommw3B 
cmm^mr&^fixy ^}-mkmi<omit^mfLi»c o 

P i^^f)^hrj::t>~n<o^^-Yj'^>(ry.m3 2. 3 2 
<b , C CD^N* r X H 3 2 . 3 2 _btcjg^5 nTtfeHi^SfS 
^«M»3 8CC-^^^Cu. Au. Ta. Cr. W^;Cr» 
63^^— ^<DU-- KM <^ffi®) 34. 3At^^Wh 

[0133] -eur. mi 2tc^'rs®ft3 8tc*jc:f-s 
i^tcMair'S:g^-r^cCto^s^]i?$Hg«. o. 2^ 

6 0r)>>-^ hjgtafilRs 1 5-2 5Q/nO®ffl<h 

[0134]:? U-e^7«. Co^J:>5>^j:^^1!£ 
t^K5±®7a<!:. N i F e ^cfc »Q J^j: -S^^^ttg 7 

bi. oomj;:^tj::^m2mm±mi ottmm^ti 
r^^^nri^^o ISi, ll2ffi:t$(R5ih/l7 a. 7 c 

SJt^RS^-r-So mi. ll2jmRe±®7a. 7cCDIIg;i 



(18) 
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34 



0, 3-1. Onm<D«5ffl. ^m^^^mi h(Om 

m\t. 1 -3nmCD^S:^^$?^LC^o C<Dy V -m^M 

[0 13 5] l^lS^e^J15«. mi?tSSttf>KJl 
5ai. ^ 1 #Nfi^4«miJl 5 b «h . ll2?^Mi4t'>K® 

5 c i^^fflSsnr^^^nru-So ll2!ftBattfc:'> F lo 

ll5c<DMi¥^*. mi?t^14t:'> KJ15 a<DMi¥<fcO;^ 

mi^»ttt:-> KJ15 aiJS^Mttfi^CCJfe'&Lr. 

[0 13 6] CCDcfc-^tC^l. ^25SfiS1*t:-> KJ15 
a. 5 c<7>«{k:6'r^:;&^Sl^CCj^^tf<i:3nrC^-6/cd?). 

{^^C^5^?&^ m2^mtte>KJ15 C75>^mi^»ttt*> 20 
K)M5 a J:0^i?<ff^^$nrt^^<7>-C. 1^ 2 i^Sa^li f 

[0 13 7] l|2@5eett)19». l|35feM14b:>K® 

9a<b. m20m^^mmQh m4^Sgtte>KJl 

9 c <5:7&i«ja$nr«liE3nrCi-5>o ll3?fii8Bfttt:-> k 
S9a<DM/l«. m4^«14f>FjS9cC0ie/ifJ:D:^ 30 
i^nrc^-So m4^etif> FJ19 ccoefb^rfiija:. 

r^^Jtc@5£$nrliS. »3 5i?Kffifc:*> FJS9 a 

^i. m4^ettf> F©9 c<tJ^^fi^tte^^C^^Lr^ 

<D?«i b:^!^ f6j<DJS»:/3 i^ntcH^ 3 nr c i o 

[0138] C<0<=fc^CC^lH:^fiatt®5<Dti^il^« 

tc. ^3. m4^?ei^e> f;i9 a. 9c(D^n-encD 

35^?Kttt:-> FIS9 a3&^m4^fi8lttb-> FJS9 c 
<ff^^3#lTl^^<D-C. m3?teiif > FI19 a<DSS<b 40 

(mm.^-^iyh) ^mMcm^L. mzm^m^Q 
^f*<DjE8*oM^ t^i^3Cfi0^Y:^r^(^JSW:^f^iiccii5£ s 

ti^^ Ajrfe. ||3?ie8^14t:*> F^9 a<7>Mj¥^. m4§lfe 

[0139] ccDct^tc^i . mzm^mi^mb. 9 

mi '-^4^ette> FilS a. 5 c. 9 a. 9 c 

e>F^5c. 9 a<DfiS<b:J&i^n-en^#Lr*5 0. A 
Xfi^3^:7 ViStttR-^ (synthetic ferri pinned;i^> 
■iz^' ^7:7:*: Ub'> F) ^7K*r®<!:3S:^>o iS/c. >' V 50 



[0140] */c. ISl--m4?fifigttt:> FJ15 a. 5 
c. 9a. 9c«. N i F e-&^. Co. CoNiFe 
CoFe-^. Co N i ^^^tcj:0ff$^3n€> 

^/c. l|l-^4?^ffltttt:->F/S5a. 5c. 9a. 9 

1. m2#?SHl144iraJ15 b. 9b«. Ru. Rh. I 
r. Cr. Re. C uCO"^ i=,(D im^fc{tCtlh<0^^ 
f)^i^rj::hct^m^U<. !f$ccRuCc<j:0ff^^3n'SC 
iJ&W^UC^o mi. m4®fiattfc:- > Fjl5 a. 9c CD 
Mllf«. 1-2 ninCD«5S5l>«*?*L< . 112. Il35il» 
14e>Fll5c. 9aCDM/15i. 2 - 3 n m CDtBTOW 

^/c. mi. mz^mi^^mm^h. gbojs 

JPi^. 0. 7-0. 9 nmCr)«IH*Wi!Ulio 

[0141] m 1 . 1^2 mmmmM 5 . 9 «-en 

^tiZrxo^m^m (lll-l^4^attf> F®5a. 
5 c. 9 a. 9 c) CCcfcOtt^^n'Cl^'S*^ CtltcRS 

^nr. 2i^±o^^ttjitcj:oi««$nrc>r4>^ 

[0142] C<0<k^(tC. mi . m2@^ffltS®5. 9 
m^t^^^AJLmtj:y :^VmiSE^ (synthetic ferri 
p1nned;^>42:7 ^ yi^y :ti V e> F) COJl-C^-SCD 

x^. mi. mzm^mnms. 9<o®>fb:^[^^^@ccH 

[ 0 1 4 3 ] m 1 . i^2#Nmti^m]i 6 . yv- 
mmmi tmi . mzm^m&Mb. 9t(Dm^^tj:m 

Cu. Cr. Au. A&?^j:<[:CCR^$n-2>#mi4 

cccuicfjff^^^n-sci^&w^Li^o »i. m24m 
nmmme. s<omm\c:x. ^n^ti2— 2. snmcDH 

[0 144] mi. m2mmmf^m^. 3 5«. pim 

«s fi^?&^e>JS»Sai4®<i:Lrfieffi$nrc>-5N iMn 

/c. mi. m2J^SSffil4. 3 5{i. X-Mn^. 
X* -P t -Mn^# (/cft:L«rfeiffi^CC:teC>r. X 
{iPt. Pd. I r. Rh. Ru. O sO:>rj:f)^f)^hmVi 
^n^l^^^U. X' iiPd. Cr. Ru. Ni. I 
r. Rh. Os. Au. Ag. Ne. Ar. Xe. Kr 

cDJ^d:3{)^7:)^e>3iiR3ns im^fciit2mki±^fri-r) oc^ 
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CO 14 5] ttfiaP t Mn^*5<J:jyfB«iBX-Mncr)iC 
V9n^tl^^^(iCi6l>X. P t &^miX7&i3 T-^-e 3 

4 4 — 5 7M^%(7>igHr*-5o X* -P 

t -MncD^T^^^ti^^^Ccfci^r. X' +Pt;:>^3 

^^t4Ji4. 3 5<Dijiji«. -e-ti-ens^-i inmo® 

[0 1 4 6] ^2^5Sei4Ja4. 3 5 <!: LrifB 10 

6. Axio'AXm^m^^iiif^^mn^mh.^ 

m^^mW^^ ^ ::7'n ^> 6 5 3 K (380 

•C) iSabngC^m. ll2jS^S^®4. 3 5^f#^ 

[ 0 1 4 7 ] ^/c. m 1 JS««i4ii4 tj. IS 1 mmmn. 20 

tBa54a. 4a±CC. >^nVTX®32. 3 2:5tC>'y-K 

113 4, 3 4*iia>>:aii$nrc^^. ^ur. isijs^fe 

ett;i4CD^aa54 a. 4 a<^:>'^'^T:^®3 2. 3 2i 
(OmtiC. Tai5/c«C ^;&^6^^C'2>^^VT>^Tft6S3 1 . 

^llvA^TS-^i^ (bcc«^) X$>^C rf)^^rj:^^^^r:^ 
Ti^m3l. 3 l±tC^N- hV^VrxJ13 2 . 3 2^m 
fSrr^^. hV^-/TXI13 2. 3 2(0«lSBy7*5i:0^ 30 

CO 1 4 8 ] ^/c. hv<>rrxii3 2. 3 2iy- 
KJ13 4. 3 4iCDratC{i. Ta^/ctiC r7&^6i^cC-5cf3 
^®3 3. 3 3/)mm^tlX{.>^o y-KJ13 4. 3 4 
tUXCT^mi^^tcm^^t. Ta(Dt*iraJ13 3. 3 3^ 

'^:^(iCMLxiS:nk^^VT-aLxmmL. >^>wrxji3 

2. 3 2<7:)«m#tt<^>^fb^lW<*Ci:?5»S'C#So 3Sfc, 
y-Fll34. 3 4 tLXT a.^mi^^m^fi^. C v <D 40 

[ 0 1 4 9 ] ^/t, SJ1^3 8<7:)^^xi:;^r^MffifJcc{i 

surges 0;&^6^n/cfliJCC^i. — >t^(D^^i)^^P3^^?f^;?£ 

cn7:>5-^c7:)';^FJgi^sp3 7. 3 7 i$nri^ 

So y-K^^SI53 7, 3 7t^. IS 2 11^^14119^0' 
ll2JS^ett©3 5c7:)S7r:Xlj5rr^Mffl'Ji. m2^m^ 

mmms(D—m^o:>xxM{^mm^^mf&^tix\.^^^ m 
2m.&mi±m3 5j^^m2mmm&m9^:s:. -eco^T^x so 
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®7(Di|iii:0!*iiiii^nri^-5>o i5/c. m20m^mm 
m8<Dy V -m^m i mcom^^t . y 7 

sue a. 8 a*WLrCi€>o 

[0 1 5 0 ] coy- K^Ma53 7. 3 7{C^3:. U-F 
113 4. 3 4<D:t->'^'-^-<a53 4a. 3 4 aiO^SM^ 
tirii^o y-F®34. 3 4{t. mmW3 SCDXXfj 

\^mm^^f^mmw3 s(d4^^(>c\^i.^x^^- F>'^'^T>^fl 
3 2. 3 2±=^mmoxmmii^3 &<Dm7jkxxfs\^mu 

(fCmmU. :t-^^-V'^m3 4 a. 3 4a*5y-FlgM 
953 7. 3 7CcmMLri^S« S/c. U ^353 

4a. 3 4a&3:. ^ij^Xi:;^|ajCc*sc^rtBSCcT wCDf^ 
PS^Sr^C^f-r FSiKSP3 7. 3 7 CCffiMStiTl^^o 

CO 1 5 1 ] U/c*3or. FSJISSP3 7. 3 7^cte 

c^Tj*. m20mnmmms<Dmm^s a., aa-fjm^ 

Xi:^ri^tC52aibr*5 0s CCD/cd6:t->'N*-U-Y^3 4 

a. 34ai)m2mmm^m3 5^irY'r^ctfj:<. m 
2$m^mmms(D^m^s a. sat^cmmf^cm^ux 

C^-So */c. :t->'>'-l^-<a53 4 a. 3 4a«. ^^UigP 
8 a. 8 afCj:oTr; t;--ei4»73&^iE»Mira3n'CCi 

CO 1 5 2 ] - FMi^^S 7CD^^Xi:^f^ ( 

CDijiiM^S. O, 03-^0. 5 // oiCDISHjO^ 
UC^o iBM:^iCCr)ffiffiT'*tlti. y- FS)^SP3 7 

cc*5C:fs y- FIB3 4 iMJif^s 8 t<Dm^mm^i^^ 
tf)^x^. w^^<o\^±^m^caf)ix^^. 

CO 1 5 3 ] y- FSi^a53 7 . 3 7^^^X^^^^ti. 
y- F«3 4. 3 4:fySc(OmX^(fai^^iAmtl^mxm 
m^n^(DX. a®»3 8 i y- FJ13 4. 3 4t(Dm 

1 C7>^> < TS C i^^r 

CC_ha5^j^jl^«JlL/ci#^CCt3:. ±mmmm(^c\:iiy7i^ 

CO 1 5 4 ] mmi$'3 scDmnkx^y^r^mm. 

ife) ^3&^6itcS— ^<D/N- F>'>Vrxll3 2. 32:«yS 

fl?^$nri^s„ F>'^vrx;l3 2 . 3 2ti. y 

-S^tt;i7 i[5]OPi;i(4g4c<55[gLr:7 y-att]17Cc 
I^LrCi^o */c. Kv>f-rT>^ll3 2. 3 2<D± 

®3 2a. 3 2a^^. y-F1t^S|53 7. 3 7 cfc 0 ^» 

S3 0fiJcD{5i:®-C!iil*3 stc^^orc^So ^/c 
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-F>'^VTJ:^I13 2. 3 2 <b K;S34. 3 4 a<om 

3. 3 3«. m2^m^mmms<Dm7riXxfj\^mmi!i^ 

K^Ma53 7. 3 7CC«. »;'-K®3 4. 3 4C0;^;&iS 

[0 IS 5] ^fc. mi tC7S-r«S<7)X t•>/^*;^>^^» 
^^Ui. •J-Kjl3 4. 3 4 0«^ieSi^^«^<hO>)* 

IS 75> 6 p*9gp::&i«i 1^ 3&:» o xmm:^[^ ^c5iUi r ^ s 5 ^ 

HI 2, V-KJS3 4. 3 4(Oi^- hJg!nffl=S:R s 1 10 
H & 2 . MIBfaHftOV- hSCifii^R s g 2 i O/ci 

TIB— M^r^^n-sKi^^WLTi^-s. 

(Rs 1 2/'H 1 2) / (Rs g2/Hg2) ^0. 0 
2 

(R s 1 2XH I 2) y (R s 2/Hg 2 ) T&^O. 0 
2€:m'2>*©^. y-K©34. 3 4<D^-/n'- U>f|[Ii 
3 4 a, 3 4a*>6ifeniitri2>;:^mtS(DJ:k^^:;^*< 

1 2 mflBR s 1 2 <h. tulBH g 2 BUlBR s gr 2 
icD^^^a:. TIB— flS^-CTHSti-SMfi^^W-r^CtJi^^ 

(Rs 1 2/H 1 2) / (Rs fir2/Hfir2) ^0. 0 
1 

[ 0 1 5 6 ] *fc. ^ 1 CC7n*ri«iS<D::< t•>/^V^:rM« 
HI 2. U-FJ13 4. 3 4(Di^- hSCifii^R s 1 30 

JgtnM^R 582^15-25 Q/DcO^Si L/ci 

(R s 1 2/H 12)^1 Q/um 

(R s 1 2XH I 2 ) Q/'Mm^l«^€>i#^. 'J - 

Ke34. 34©:t->'^'-^>fa534 a. 34a7&^6* 

ti^cC < J^cC f3 . l^-r K'J-r^^>y;0^^^'r'S^ti7t)^*'E> 40 
/c46»$ U < >^J:C^, ^/c. BuiBH 1 2 MiBR s 1 2 
t<Dmm(fCi5l^X. H«iBHfir2^0. 2-^0. 5 umO 
IbH. mriBR s 2 ^ 1 5 --2 5 Q/DcDffiiBi U/ci 

(R s 1 2yH I 2 ) ^0. 5QXMm 
CO 15 7] ^/c. •J-K©3 4. 3 4cD^->'>*-U^ 
^3 4a. 3 4 aaffii^lli*3 S^^iCDJ^cTfte 2 
4 5^-7 OScOfQffl<b$n'2>C<t/>^Sf^Llio 
(ffeH^^CDT?-- :.^S^45g-70@[<i:-r ^SS^ffl 50 
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#tcgBt8Lr< /c$^J:^*5^CH^/cL^-ro */c. IB 

>fgB3 4a. 3 4 a (D5tiSa5<Dil;^*5SI< Aj: 0 . 

hlgSifflR S 1 2 7()5;^^ < 3^j:':»T. :t->'>'-U^ 
aU 1 8 a . 18 a:0>6a£nj^t^-fe>;:^mSS-^<DjgBi3&i;^ 

-S/cd^^^bX AcCl^o — Mifi^K (9 2 7 0JgJ: 

[0158] ca:>y^t::>j^}\y'ymmmm^m^ix\it. 

a. 3 4 aCD3fe*S3 4 b. 3 A h(D^mf)^f^mmW3 S 
CCEPMSn^^o S^or. liJl«c3 8CDJ^j:;Jr^T^^ib-fe>^ 
ma£*^iffitl-^-rt^CD». aiH*3 8<D4'ffe'r*>or, 
->'N'-UH'a53 4 a. 3 4 a;&i1«lP$nrc^?:cC^<^I^-e 

(MR) 555(j^7&^^ww(cA#< i^co. mMnEmm»(Dm 

3 4 a. 3 4 a-f)mm^tiXi.^rj:i.mm^mi^cfjk^J: 

a. 3 4 a^mm^tixi.>^mmxf^^. ^mmmsttctt 

^X'^>>f.mm:^misbX^\-^^<rj:^. cntcJ:f3S^ffi 

R (MR) ^^^mmmi>c/\^^ < . e^»faii^«i*cD 
^3534 a. 3 4 8if)mm^tifcmm^^mmmNaii^ 

[0 1 5 9] C<Dcfc^tcy-Fll34. 3 4(D— SP(^ 
-^^'-*^>raJ3 4a. 3 4 a) «JSi*3 8(Dh^5^ 

i5^i&i:^r^M^-hcc* ^ u ^ kSj^bp 37.37 ^ci«# 

CO 1 6 0 ] ^/c. :t->^^'-^^^gP3 4a. 3 4a3!?^ 
mt1&tjirj:m2mmnm3b^:fr'r^ctrj:<. Cu 
6 i^cC ^ igtbSCi^dCll 2 8 CD^m^ 8 a CC 

353 7. 3 7^i^LXmmW3 &(;cWLtl^^^^:K^< 

T^CiT&i-C^^o i<CC. »J-KJ13 4. 3 4 3^)^6>^^ 
--hV^VT;^®3 2. 3 2^/M^r. ^2S®S8tte3 
5 i: »:) 3 0 fWcDfB^f* 3 8 CcWtti ^^m.f&^f)^i^m 



C21) 

39 

[0162] tj:^. mmw3 8 <om&mt^s -^-y ^ 

oi^-C. 131 3CCS-:5t>T|^0^-r'2.o S13tC7nfcl:^ 

[0 16 4} :j):(c. ^^m^m^fc{tm^^dkm(>cj: -o 

[ 0 1 6 5 ] ^ . ?aaiB«ii«ftiitc. Sft/J^ h ^ 

1 ccDSfc/h h ^ h ^ ^> ^iPiz^r^ 

[0 16 6] c(Dmm^W:(>cj:^i:^ mmw<D^^pti& 
mMmtjmmf)^mitLxn^mt>i!)m< . w^mm 40 

[0167] :*:^HJ-c&3:. :^::A:W^a::^fc^LT 50^ 

1 3 ccT^-r J: ^ ccjgi^smi^ s mMfi^i>cmfmmm 
mtiih'y y ^m-^tfji^o s 1 3^c^-rj:^tc. mtm. 
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[0168] ycic. ±ie(0:^tr>^^;U":/MatKsa^T- 
i(D$i®:;^ffi^Sffi^#MuriJi?gT^o c<7)ija^i* 

>^>^ h ^mm- nmjint . »THtaB8#fl^t« 

[ 0 1 6 9 ] mmmB^ji^r^u. s 1 4 ^c^u 
/c<=i:^C(:. s«3 o±tcTi4Ji3. mimmi&mA. 

lll?S«14e>F/15a. mi#?Ki44Jra^5b. ^2 

mm^\^iy Fn 5 c . Ill 6.^1 m&m 

ii:e7a. ^fi8tta*il7b, ^ 2 ffitJdWihil 7 c . ^ 

2i^mtmmm%. »35S«tti^>F»9 a. m2#^fi8 
i^ttiraii9b. ii4^et4t:'> FiiQ c. mzmmm. 
m3 ^^u^m.m3^^m^xmmi^xmmm3 s a^^^ 

-^tc. mmm3B^±.^^}y v^'y\^i>:^vi.^^m-r 

U:7 Frf-7U>5;:^ hL«. ^JlJffiS 8 a«:g^-r€>^ 
^M5 1 iCCD^SffiS 1 ^i)^Of|{iffl5 2. 5 2<i:^ 
^«iorAj:^*>cD'C*0. ^/c^S^MS 1 <bWffiiJM5 
2. 5 2<or^'C*-:»r^S^M5 ICOF^ :/^ti:^r&lWWI 
tc^i. — ^(D^jZi^S 3. b3i)m^^hti^l^^. 

[0170] ;xtc. saf^^f^^x^-cti. [3 1 5 ccTfv-r 

^^CC. S«3 OCCMOrftS(9^0[>*rp3J5r:»6A r ^'^Ci' 
(D^m^ii:^ytm<0^:t'>\^-J.^mmm3 8 atcMI^ 
U:7 F^>'U>?;:< FLc^MffJMS 2. 5 2J:0^>S 

8 a^m JS*JSfi^t4J14CD3^cfj^-CJi -:/^>^-r5o C 

CDJ: ^cc i,x}Sim^m^m^<omm{^3 s ^mf&r^. 

3Cc*s. «JS(*3 8<Z)^lJ^»BattJ14«. CCO®©!^* 

S7nXa:/?[^^{IiJtCjiai*r€>®aia54 a. 4a^W 

[0 I 7 1 ] ^/c. :i:.;;^>^ti. A rtCj:;S^:t>^ 
y>^5^^. rac;1*-Y^>X':.5=- (R I E) ^tCcfcOtf ^ 

[0172] CCDJ:^^:. ^f§Lertf^h:i^ y ^z^i^n^ 
=&M*tT€>CitCJ:0. mmm3 8 8i(^cMLXmyjii:r, 

fflij®5 2. 5 2<=fc«351-ffl«CC^^SiiM3 8 a^x 
i5^L/rf«-^ff^1*<D»®»3 8 ^JB^-r -5 C iT&i-C^ -So 
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[0173] ^XtC. J^- K^f-YTXISJ^^XHtCfcC^r 

3 8CDM<mtcJiSreciCCj:0. ^^VrxTi*ll3 1 

py^'^7^;;<^3 2:$:aiir>5o >'^Vr^Ti^feJ13 
1S:C>Vn- F>'<-rr>^ll3 2ii. S®i*3 SCDI^ffliJ-C^ 

^/c. >^>- K>'>'>rrxii3 2. 3 2^^. 1prji<^^ 

LC^o S16tCfcCiT«. K^>VrX^3 2<DJiffi 10 

3 2 a T&i-i^ t; ^W&M 7 i ^ 2 #NS^t*^m/l 8 CD^^^S 

<^:^5Jo^4Scc^cC^<;fc^^cv^- K^WTxji3 2^M;i-r 
^r>^m3 2tmcmf&(om3 I' .32* a^^^^s^ 

[0174] ^XCC, ^ 1 7 iC^Tcfc ^ CC. S^3 0 dcM 

133 2, 3 2±JC^ST€>C<i:^CJ:or. 43r^J13 3. 20 
3 3^Sll-r^o *r^^3 3. 3 3^3:. <5^S]13 6i(5l 

[0 1 7 5 ] CC'CCD;^>^^•';; -f^>e 

^^mo^\p\tf^^mm'c^z>^ ftS0»«. 7 0 

-go" cDlSSr^^ciX^W^Uc^o 

0a J:f3:Ac^< -r^ci. fiP^S^3 o^ga^c^urft 

[0176] C(Di:'5JC;^/N*>:/ ^5a^^ftJ^(9,CD^f^ 40 

^^^f^mm-r^ctiiCjzK^. ^^wrxT^^fell3 1 . 3i:r 

|cyA'^7-;^|g3 2^ 3 2^. h:ty \yV^::^h 
id^-C^-So 50 
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[0177] ycic. »; - KSf3Ka5fl5fiSXfir«. m i 8 

^Cir:-rct^tC. SS3 OJC^I^tUr. nmOs ifctcLO, 

iK^^-Sa^Mftf-r^o cnccj:^. — *f<DmSB5 3. 5 
3 ^cmr ^{iStC ^ ^{^SJl 3 6 . H 2 S^ett© 3 

5 . n 2 a^ttJi 9 2 8 c/^-gp^&i 

X > ^ > 3 nr ft 3 8 (omTjkx x^i^mmnimx 
^t^n. —Mo^v- h'mm^3 7 . 3 7mm^ri 

-5)0 CCDi#. m2#N«14«mJl8CD— 

§158 a. 8 aT&^Jf^^^n-So */cC(D<!:^. 4^^/13 3 
^|^B#CCJi-:.5^>^5n. ^<D±ffl>&^^2#fett2gCm© 
80^tBa58a. 8 aCDiMil^CPgMfig^-CJi-:,^ 

[0178] ^/c. x >^>yti, A rtCJ:^-<^>^ 
V^iZ-P. JSJS14-<:t>J^ (R I E) ^K:<fcO 

^CiT&W^Ll^o CtlfbCO^imU. X.:;^>^n'f' 

i?>^^g(93^3:. 4 0 — 7 0' CDliffl-C^-SCi:^!^*?^ 

OIK nme.u. p^me^^mmo^<k*)^b^<'r^c 

IP^S^3 OcoatHOC^L.rftJS6i3^^g[0t^ft 
^JS[^li$i-r ^ C i ^ D C <h # ^ , 

[0 17 9] ccDjr^tc. ^^et^a. e,^K>mnrj:nm. 

3. 5 3iC«'t&T^{igtC*€>SJli*3 8^-C-Y:t>bf 

-A^MW-r-sci^&i-r^. si«»3 8 0— a5tcw>>^a5 

^^trf-cy- KS3KSP3 7. 3 7 ^rJ^^-T-S C ijO^-C^ 

[0180] $tfc. ^i;- KSMSPS 7<DmmxrJ^\^ 

X3^fSj<DiiiiM' 5cj:o«^3n^, 0i8tcfei>r 
{J. V- KSiKSPS 7(0^7j^xi:6r(«ioi|iiM«. ^jixaj 
5 3cDS^Xi:^f^cDitiM* ct:«9 4>^^:^^<:^j:orCi 
-2>>5^ SJ1»:3 8:^i*<Dilii7:>5^,.^.S[MmflS-C^-5C<b 

^^^j^fSi. diMiiiM' (Dmt/b^<. mmmffcm— 

^\^3 7(Dm^Xx^m(DmM^. ^^m5 3<DmnkXxfj 

(Dm^^xx^\^<om-^m^mm(^cmm'r^c^f)'ix^. 

V- KSi^g|53 7CCfcC:f^ y- K®3 4cDS^MMS^*iJ 
W O r -fe > mSS^Sft^ cfc < SJlf* 3 8 Cc #-54: 

[0 18 1] $6CC. :siy^>^(Dmcmmi^3 Si)^^ 
t^m^OlK m^U. m3^fiSttf> K!19 a^F e 
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c u Lx^^^wrm(ommmjmk(fCj:^ ^ ^> ^j^^f^ 
(03pBe[^iS<'r^cd:*^-r». y-Kse^sp3 7. 37 10 
^ tc^ijcD ;^ ^> ^ e^^^«S-r ^ c i J: »3 . y - K n 

3 4. SA^mm-r^. y-K®34. 3463:. *^J1 

3 3. 3 3BLZ/m2$^m^mmmB(Dmm&^ssi. sa 
f^Mffl'W>6f«M(*3 8 cD4»*ccjiiiio. y - Y^mms^s 

7. 3 7CcrcO«jSf*3 SCCSiK-r-Sy- F®3 4, 

3 4;&iJf^^?n-So CC7)i;--Kjl3 4. 3 4(Dmmitt. 20 

:^_y>f_^,^gP3 4 a. 3 4 a^®<bS]l*3 saMi 

y :7 h:t:7 h LJbCC. y- KJa3 4<!:|5ji;jH^CD 

[0 1 8 3 ] 5?i&^<Diia{i. >r :f > 

nso t(Drj:r m&^^r ^ c i cc ^ o mmr ^ c i 

[0 18 4] C(0^^(tC^ .i^^h^^^'^v 

ina-r-sc^r&cjco. y:7 h=f:7Ui;'xhL<o«j3iaJ5 

3. 5 3CC>PttD'r^{4ig^C^^y-K?$MSl53 7. 3 7 40 
±tcy--FM3 4. 3 4^li;i-r'SC<f:;!?5'C^. y-K 
1134. 3 4CD5t--v>{-U^aJ3 4 a. 34a^||2^f 

8 CDjimaJ 8 a . 8 a CCjEg^CCS^^ 1i€> C 

mm^r^-jimmm^n'ox. mi. m2m.^m^m 

4. 3b(tc^i^iis^mn^m^^i±rmi. m2m^m 
tins. 9(Dmityf\^^mm-r^tth(^c. ^n-k^nv 
Txji3 2. 3 2^mm'ri>ct(fCj:^r:j^>(r7.mn 
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[0186] ±IH<DX b'^vN'^U i oSJ 

ox ^ > ^^^mm L x«fimtm'^mtK(ommi^ 3 
s^Mf&iy. ^fDi,cmme, (e^>e,) <o-:fjit^f)^i^m 
<o:z.j^ :^^f8L^^mmLX. y:7 h:t:?u>?;^hLcoW 
jAasB 3.53 tc^it^-r-siiscc— >Ptc7:) y KSi^gps 

7. 3 7 ^ff^^-r-SO-C. l-zXOVy h^y 

(,cjz->xmmi^3S(Dmf&to-y'mmm3 7 . 3i<o 

0I^^tf^ Ci?&ir^. xt:•>y^';^:/^|»JK?8a*T■l 

[ 0 1 8 7 ] coj: ^ \^:y^^}v:fmimmsm^ 1 

{i. ^Jli*3 8cDWW:»6ct3^a5^ccr^ttraiii*3 8 

(D^®Cc5itH'r5:t->'^'-^^a53 4 a. 3 4 a ^iSit 
/cy-KJ13 4^WUriiSOt?, »Bi*3 8<304i*g|5 
^tJSSMl^S i$n. :t->'^'-^^5i53 4 a. 34 a 
cOTffltJCC(igT^®®f*3 8<DMffl"JgP^63::^lSMi^Ni 
3nS/cd?>, llRS«iSS<Di|ii^& d?iBi-r-SC<h*l 
r#So l^fcffi-yX. Vy V ^m^^<'r^C.^i)^X 

[0188] lyii^i^. C(D>^\:i:yJ^)V':fmnmmMM^ 

\u. y-K;i3 4. 3A<ommmmwL(oi^]^mf)^ 
h}^^ii\^^cx^'f)^-:>xmmj5\p\^cmm^^mi^^n i 

2. y-FJ13 4. 3 4CDi^- hffiJnffl^R s 1 2. ^ 

0 r ^iE:^ 51 ffi T ^ s a -r ^j: ^ S^flJ 3 ^ H g 

2 . luiBail^CDe>- hJgiJifii^R s g 2 i L/Zcifr. 
(Rs 1 2/H 1 2) / (Rs gr2/Hg2> ^0. 0 
2'C^$n^ra^^Wr^«^><D-C^'S<DT*. 
>f3P3 4a. 3 4 a;&>6iSn3Zs.t?H2>X^ijK-x(D!g!n;€: 
(g«f ^^Cii^&J-r^. hvs:>^r::^J13 2^SS0r 

S®ftC0:t->'^'-U^a53 4a. 3 4aC0T 

:&k:{iis-r N cc}«n ^ Hr > xmsfe7&^ii>3^j: < ^ 

0 . ^F/^fii^N x<Dmm&Vimtfimmm^cm^ \^u< 
rj:^<ox. :^\:z'>^^j\yymmmmm^^i(Dv^ l'v- 
i^3 &<D^^^^(^ciiLmr^miAmms(^cm^^'^^c 
tf)^xit^<Dx. mmmms(fC:hi^^mn^itm^mm 

[0189] 56{C. COXf>>'NVU::r^af!B?amS^ 

1 ^t. HuiEH 1 2 fufSR s 1 2 <b. tuteHg 2 
HUlBR s g 2 ^(Ommciol^X. (R s I 2/H 1 2) 
/ (R s g 2/'Hgr 2 ) ^0. 0 1 rTj^^n-S^^^W 
■r^^(D'C^€><D'C. ^^\^3 4 a. 3 4 a^^ 
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CO 19 0] ^/c. c<D:^\:i'>j^jvzrmmmm'T' i 
(T^ea^asiiSKft i o:>M\^m'^ 6 rtasi^i^cc i«) ^ r sail 

0. 5 MmCDiiffl. miH*3 8(D^- htgtafii^^R s ^ 
2^: 1 5 — 2 5 Q/DOlSSib U/ci^r. U-K/gODX 10 

i::^r«iom{4S5$>/cf:)<7:>ffiStffl (r s i 2/h i 2) 

-U'^gP3 4a. 3 4 a?!r>*=>i«tliitf-fe>X®Jfe'^<Dffi 
5x^igM-r^C ch:?:)5T^#. K>'^VTX^3 2 

[0 19 1] 36tc. c:cDXt•>/^';^r^^|fM^^l 
ti. mflBH 1 2 ffffBR s 1 2 <b(DMfifeiC*jC^T. giF 
iaHg2^0. 2^0. 5 ymOffiH. mriBR s R 2=& 
i 5-^2 5Qyn(DmmtLtct^. (RS12XH1 20 
2) ^0. 5 Qx/Mm-C^^tl^K^^W-r-S^O-C^) 
-SO-C. :t->'^'— U>rg(53 4 a. 3 4 a ^'^tij^tf -fe 

X® 3 2 UTSfeniitf -fe >;?^mSfecD^i?f£^ ct 0 — 

[0 19 2] $ecc, c(D;^f>/N*jb:/^?itMsammT- 
uc*jc>r«. y-KM3 4. 3 4<D:^•->'^'-^-rgU3 
4 a. 3 4 ammtmmi^s smm^(Drj:'me 

4 5S~7 0]^CD^Hi5nri^€>CD^. 

gP3 4a. 3 4 a;&^e»Sfen3Z.tffe>xmSS5'^tDffitn;*J: 30 

0— lligi^'r^C<!::?&^-C#. >'^- K>'^W T 3 2 ^ig 

[0 1 9 3 ] iaiU/c^t-^^. CC[)Xt:->y>';l'>r^»^ 

m^wt. K>'>vr;^ll3 2^jSaL/raEnjZ.O-fe 
liSttM^^ lcDl^YK»;-7^-f>^^<J:0 — ^^me^JCc 

(^±L. :^t;•>>'^';^:/M^MM^^qFl<D^J:^J«Ftt*J: 40 
[0194] ^^0>g<D;^ t•>.'^';^'7'MW^S5m^^^c*5 

- hffiCxfii^R s 1 . mmw(ommunm\^t<Dn\^m 

0. 0 2-C7n$n'2>Ml^^Wb. Ti^^o, mSUCDfiSMiB 
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Mia^i^ccjiffi-r-s^s^-TJ^ct^^^^iiff^Hg^o. 2 

^0. 5/im<Dt5ffl. SUftOe^- hJgSifii^R s g J& 

1 5--2 5Q/no$GHiL/ci#. mffi/lcDX 1 

(om{iLm^$>tc^<Dtmm (r s i/h 1 > ^1 q/m 

[0195] ^fc. *^B^coxe>/>';l/::/MgiJ!a?a^lR 

^ X ^ ^ >$^>r^' >r r j^j: <»f ^^^:f /c fe<D i L/ r 
[0 19 6] $tfc. :i^m^(D::z.\::'>j^j\,':rmmmm^m 

^^^18 0' mrji^y :r.vmnwmti$tixrj::hi^<ox 
*or^j:c^L. mmm&m^y v-m&m(D±xi)^y 

[0 19 7]^tc. *^H^COXfc:>/^';^:7'M«J!ia5M^ 

tuxmmm^m^m^fcii(D^vxi>^i.>u. msm 

^(DtUXhJ:i.>o 

[ 0 1 9 8 ] m^^t. y u -m^^cmm^tifc 
m(omn^wt}iifc^<Dh\^xh^\.K c<z>j;^3^>itr> 

f)^x^^^ ccoj:^(^cw-i^mm^nmmmmti^x. 

tcw-i^mAnmm&m±t*(Dmmtoxm^i$ti^ct 
[0199] w-i^^*nmm^m(omm. -oi^^^^ j^ 

FUcDMm*. 5 — 3 0:^>^X ha-ACZ)f5@i<t-r€) 
5;f >:5^;^ hP-AJ:0 4>»c>fiicci9:^$n-2><t. 

-h^^^i^^. «JE*a5 0 0 5t*>i?^x ha-AJiaT'C^'S'i:* 
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[0 20 0] ccojz^tfC^M'r^cticjiK^. mm^m 

[0 20 1 ] yc^C, ^^H^CDaitMISaM-- F4C0C^ri$ 

o<wmt^o 02 o«, *^?ga>aiiB8a^--> f©— 

<04><D-C*^o CCDWlRfiaa-^^' FCD;^'5-r 3^2 5 1 

t*. ^2 0 5C*5C^rf^-^2 3 B^C^-rfffW^f^^-r X^^'MO 20 

v^S6:^r^cD_b*W{cf^ <o-r'^> ^m-c. 236 

coT^'^x^fc^ti^-r^Sr&i. u-;vt^cDABS® (X 
T— U-Jl/gpcDi'^JiM) 2 5 1 a. 2 5 
la. 251bi. Jir-^;l'-3r'2 5 1 c . 251c 
^^mf&^tlXi.>^o tLX. CCDX^>r^2 5 iCDh 
U-y>i5^ffllJcDiSM2 5 1 d{C«. S3lflr2ra52 5 0;&5 

[0 20 2 ] C<D*?lr^T?»IS?»M-N^ ['(OmM^T^ 

250 021*50:0^022 (iC7jkrmm(om^mm» 30 

-v-yK-C^O. >^^-^^2 5 l<DFU-U>^fiiii^M2 
5 1 d±CC, MR--'> F F) h 1 -/>5<^ 

H (SiA^y F) h2tifim('Cmm^tlX 

mfSL^tixi.^^. 

[0 20 3] C<Dm<DMR^y Fh 1 ti. S«^^*ai-S 

x^-/^2 5 i<ohiy-v>^mmm^mni^tifcmii. 

J12 5 4 7&i^t:t6tirc^5o -eur. T^=¥^yy'm2 

5 4 5 J . mmm^^^m^m 245 ^ia® 3 nn ^ 

^„ C<DS^^Sin^:||^T®2 4 5JiCC{S. _h^=^> ^ 40 

2 5 6 m^f^^ti. ^<D±(^C±MZy-Jl^ FM2 5 7 
7&5jg^5nrc^s, C<0±gP2^-;l/FM2 5 ^<o 

i^m^C^nrC^^o COMR-^ Fh 1 >'^-Ff^ 
^WOW^JCJ: 0. «mtgei^m^^ll2 4 5<Dffi!n^ 

mt^-i±. comtKmt^m^m^ctxME^mi^cDnE 
m^^^m^m^^<Dx$>^o 

[0 2 0 4] BuiBMR-N.'> Kh 1 (.cm^^^tlXi^^^m^ 



2002-76472 

48 

ssmmT-tj. PiMffls^-^-:' F (s^-vi^ F) ^mm-r 

[0 20 5] ^tc. A^^^^'r ^f-^^y Fh25i. TSff 
r3rJ12 5 7CO_b4C. ^> >'*J1 2 6 4;^J^?F^«^ ti. 

-/Jl/»2 6 ^ifi^fSL^tlX\.^^. mtZ^A)\^m2 6 6 

vx. m 1 o*fe««*4ii 2 6 7 Ai^<^am2(Dmmnnm 

2 6 7BtCffi^nrC^^o m2itejSMf4®2 6 7 BOJi 
tC?K^$tl/c_ba5:3r®2 6 ABS®2 5 1btC 

^<De^a52 6 8 a^Ta5z3T/12 5 7CC, 
:^7'G<DJ¥^^^C:fT:)S:tr^$-it. 02 l*5j:o'02 
2«:^-r<l:^CC, ^<DS3SSgP2 6 8 b^TaJ=iT®2 5 

ril2 6 8(D±tc«. T;U^ :^^^c^^:^6^J:^^al®2 6 

[0 20 6 ] C(DJ:^3^dC-r >^^T*^ >^-^ '^ Fh 2^ 
li. A Jl'M 2 6 6 tCiBSIi^*3&3-^;l :3 ;H1 2 

-Y>^^T--Y Fh 2li. ::''GO^i? 

cOTa5::ir®2 5 7 <b±^nrJ12 6 8 OO^^:^:* 6 O 

mMm'^^tm-r^hcDx^^. 
[0 2 0 7 ] :^mM(Dmmm^^ ^ F^^^-r-sccti. 

^T. 0 2 1 tC7F-rmttfrt*4iSOT^^'-;P Fil2 5 3 
±tcT^H5=¥^f y 2 5 4 ^Mf&l^Mk. M^mm^ 
m'T-m2 5 4^ff^;iXr'SmriBXt:->>'N';l/>^M?^Me^^ 

-^CD_hCC. JiaJ^-'i' 2 5 6 ^ift\uX±M%y-)\^ F 
112 5 7^0^-r^i. MR-^':/ F {mm^y F) h 1 
J^^^^-r-S. j^l^r. HrrlBMR-^y Fh l(D±.Uly-)\^ 
Fil2 5 7 <i:^ffir*-STSPnril2 5 7CD±CC. =r'«' 
y^m2e A^mmi^. ^<D±CcflRSgt^(D=i^;l.J12 e 
6 H 1 Oimi^W5^J12 6 7 A^J:0'm2 CO^i^lvt** 
a2 6 7 BT^fflOcfcOCCff^^T-S. $6{C. m2J^1tt* 
**®2 6 7 B(D±CC±a53T®2 6 8^fl^^L/. ±35=3 
rJ12 6 8CD±tC. «^2 6 9:&^t:f-5>Ci5Ccfcor 

[0 20 8 ] COJ: ^ ^SraiMffltM-- FCi. _h^L/cX 

y Fr^^cD-c. a^ttfficDW5fem:^7&^iS< . F y 

-7'^>^^<DmmtimmmmM^y h*tfj:^. 

[0 2 0 9 ] rj::t6^ mmm^^ y Fcd:^ ^ -< ^^^(om 
m^JzU^-O^i^f^^ y^y h'0:>mm:S:. 02 0-^02 

[0 2 10] (mmm) mK^c^^-rmimmnmtmm 
-r^f^xm^L. mmm i --i^Jt^^i i 5 ^j^z^u^m i 
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[0211] * 





9 At 

(A) 


«H Hi 

Cum) 


(uOcm) 


iO/O) 


(deg) 


Rsi/Hi 
(O/um) 


(um) 


GMRv-h 

jatit RSg 

(CVD) 


RSg/Hg 
(O/um) 


Rs,/Hi 




*2tJ 
(urn) 


RSg/Hg 




1 


900 


1.8 


7 


<X7 


90 


0.4 


0.3 


19,96 


65.53 


0.006 


QJ00B6 


as 62 


2 


900 


1.8 


7 


(X7 


45 


0.4 


0-3 


19.96 


66,53 


0.006 


00088 


0.365 


3 


900 


1.8 


7 


0.7 


30 


0.4 


0.3 


19.96 


66.53 


0.006 


0XO84 


0.370 


4 


900 


1.8 


7 


0.7 


20 


0.4 


0.3 


19.96 


66.53 


0.006 


0.009 


0.374 


3 


900 


1.8 


18.5 


2-0 


go 


1.1 


0.3 


19.96 


66.53 


0.017 


0JD248 


0.367 


6 


900 


1.8 


las 


2J0 


20 


1.1 


0.3 


19.96 


66.53 


0.017 


0.0239 


0.392 


7 


900 


1.8 


18.5 


2-0 
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